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MCDIT 21

A COMPUTER CODE
FOR
ONE-DIMENSIONAL ELASTIC WAVE PROBLEMS

Richard W. Mortimer
and

James F. Hoburg

ABSTRACT

A general purpose computer code for solving one-dimensional
elastic wave problems is presented. The code involves the application
of the method of characteristics to the displacement governing differential
equations of motion of the structures. Some of the structures which can
be analyzed by this program include shells, Mindlin plates, bars, and
Timoshenko beams; subroutines for these structures have been prewritten
for the user. The code is capable of handling boundary conditions
which may be specified as step, ramp, exponential, and sinusoidal time
functions; these have also been prewritten for the user. Detailed
instructions for the use of the program, its computational procedure,
and its limitations are given. An example involving the impacting of

a conical shell is included.



SYMBOLS

X - Spacial Coordinate

x, - X coordinate of the boundary

Ax - Mesh size

t - Time

u;, u,, uy - Displacement Variables

fl"'fa’ gl...gs, hl...h6 - Coefficients in governing differential
equations (correspond to ¢,,'s and
B..'s in Refs. 1 and 2.)

1]

¢; - Leading wave speed

c, - Second wave speed

A;...A;, B;...B,, Cl"'C7 ~ Coefficients of variables in boundary
condition equations

by, by, by - Time functions in boundary condition equations

M0 -  Number of lines to be evaluated

[ ] - Bracket represents jump in the enclosed variable

Remaining symbols defined in appropriate appendices

vii



I. INTRODUCTION

In Ref. [1], Chou and Mortimer showed that a large number of elastic
wave problems involving one space variable may be treated, in a unified
manner, by a system of second-order hyperbolic partial differential
equations. The dependent variables of this system were seen to be the
generalized displacements; the coefficients appearing in the equations
were functions of the spatial variables. This system of n equations %as
analyzed by the method of characteristics, yielding closed form equations
for the physical characteristics, the characteristic equations, an& the
propagation of discontinuities. Among the elastic wave problems that
may be represented by this unified approach are structures such as
shells, Mindlin plates, bars, and Timoshenko beams.

The purpose of this report is to describe MCDIT 21, a general
purpose computer code (or program), designed to solve elastic wave problems
which may be represented by this unified approach. 1In general, this program
is capable of solving wave problems governed by one, two, or three coupled,
second~order hyperbolic differential equations involving one or two distinct
wave speeds. A familiarity with Refs. [1] and [2] will aid the reader in
understanding the theoretical aspects of the method of characteristics and
the numerical procedure utilized in this program.

This program offers the user two alternatives for solving problems.
First, subroutines for some common structures, such as conical and cylindrical
shells, bars, Timoshenko beams, etc., (see Fig. 1) have been prewritten, so
the user need specify only the structure, dimensions, elastic constants, and
type of boundary loadings (e.g. step, ramp, sinusoidal, etc.). Second, for
other elastic wave problems the user must write the subroutines which specify
the coefficients of the governing equations and/or the boundary loading

functions.



This report begins with a description of the general capabilities

of MCDIT 21. The details of the calculation procedures used by the
program are then given. Instructions for the use of MCDIT 21 for solving
specific elastic wave problems then follow. Appendix A is a listing of
the MCDIT 21 Main Program Deck. Appendices B and C include the listings
of the prewritten subroutines to be used for the common structures,
and the boundary loading functions (step, ramp, etc.). Instructions for
writing subroutines for those structures or boundary loadings which have
not been prewritten are included in Appendix D. Appendix E includes the
characteristic and continuity equations used in the method of characteristics
solution. The application of MCDIT 21 to an impacted conical shell and the
detailed input required for this example are presented in Appendix F.

All runs of MCDIT 21 have been tested on an IBM 360, Model 65, computer

with running times of approximately 2.5 minutes for MO = 150.



II GENERAL CAPABILITIES OF MCDIT 21

The MCDIT 21 program is capable of solving elastic wave problems whose

governing equations are of the following forms:

2 2
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2 2
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where u u,, and u

1’ are generalized displacements. The wave speeds c1 and

3
c2 must be distinct and are considered as known (and constant) with c, > C,e

The coefficients fl"'f > B eeseeeBs and hl.....h6 are functions of x which

6

the user may specify.
Common Structures whose governing equations are in the form of egqs. (II-1),

(I1-2), and (II-3) are listed in Fig. 1 under Structure choice. The governing

equations of the cylindrical and spherical dilatation, and the rotary and

longitudinal shears are in the form of eq. (II-1), The beam, plate, bar,



and sheet structures have governing equations of the form of egqs. (II-2):
the shell structures are in the form of egs. (II-3). Each of the sub-
routines specifying the governing equations of these thirteen structures
have been prewritten for the MCDIT 21 program.

In this section we will discuss the most general case, equations (II-3),
since problems governed by either of equations (II-1) or (II-2) can be
considered as special cases of (II-3).

Referring to equations (II-3), we see that six initial conditions and
six boundary conditions are required in order to obtain a solution. The
MCDIT 21 program treats problems involving zero initial conditions and
semi-infinite mediums, therefore, only three boundary conditions need be
specified (regularity will be required at infinity). These conditions
are specified by the user along the pertinent boundary line, x = x s in

the following form:

aul du 8u3 Bul
Ap gx T AT A ST AU A T At Ay = B ()
Bul Buz 8u3 Suz
Bl —BX + B2u1+ B3 —Bx + Buu2+ B5 -—'—ax + B6u3+ B7 _at = b2(t) (I1-4)
aul Buz Bu3 Bua
C, P + Couy+ Cy Fye + Cuu,+ Cg P + C6u3+ C7 Fyaalie bs(t)
where Aj....Ay, By....By, Cy....C, are constants and bl(t)’ b2(t), and

b3(t) are functions of time at x = X - Five boundary condition time
functions have been prewritten for MCDIT 21 and are listed in Fig. 1.
With the governing equations (in the form of II-3) stipulated, and the
boundary conditions, (II-4), together with the zero initial conditions
prescribed, the mathematical system may be solved. This solution is

obtained by utilizing the method of characteristics to determine the values




Bul Bul 3u2 3u2 3u3 8u3
of the quantities u,, 3% e Y20 3% 0 3T 0 U3 3x o and 3 at

the mesh points (dots) of the network in the physical (x, c,t) plane
depicted in Fig. 2. Detailed construction of this network is diséussed
in Refs. [1] and [2].

The method of characteristics can solve problems involving discontinuities
of quantities which are functions of the displacement derivatives (e.g. stresses
and velocities). A detailed and mathematical discussion of discontinuities,
the equations governing the magnitude of discontinuities as they propagate,

and the speed with which discontinuities propagate is contained in Ref. [1}
du aul

and the details will not be repeated here. If discontinuities in X and Y

du Buz
or - and 3¢ occur, respectively, at point A (Fig. 2) they will propagate
along line AB, hereafter known as the first discontinuity line. Similarly,
Ju ou
if discontinuities in T and 3R ocecur at point A, they will propagate

along line AC, hereafter known as the second discontinuity line. Any of these

discontinuities (or combination) are readily handled by this program.



IIT METHODS OF CALCULATION IN MCDIT 21

The method of calculating the variables at ordinary mesh points consists
essentially of solving a system of simultaneous equations for a corresponding
number of variables. The computational procedure can best be described with
the aid of Figure 2; the details of equations and auxiliary conditions to be
used will appear later in this section. The essence of the procedure is as
follows:

1. From the initial conditions and boundary conditions the wvalues

of the nine variables u aul/ax, aullat RN 3u3/8t are known

1)
at points 2 and 1. The values of the variables at point 3 are

then computed through a simultaneous solution of the governing

characteristic equations and boundary conditiomns.

2, The computation then proceeds to the = - 1 characteristic

X
cldt
line through point 4., The values of the nine variables are

known now at points 3, 2, and 4. The values of the nine
variables are then computed at point 5.

3. With the values of the nine variables known at points 3 and
5, the variables are computed at point 6 through a simultaneous

solution of the governing characteristic equations and boundary

conditions.

4, The computation then proceeds to the ixdt = = 1 characteristic
1

line through point 7. Knowing the values of the variables at
points 5, 4, and 7, the values are then computed at point 8.

5. This process continues by solving for the values of the variables

at points 8, 9, and 10, respectively. Again, the computation

shifts to the next :th = - 1 characteristic line and solves for
1

the values of the variables at the mesh points along this line

(e.g., 12, 13, 14 and 15). This procedure continues until the
h

t
values along the ixdt = - 1 characteristic through the Mo
1

point on AB are obtained.




The actual program consists of a main program and several subroutines
(see figure 3). These subroutines may be divided into two separate levels; the
first level and the second level subroutines. Each of the first level subroutines
is used to evaluate one of the different types of points in the physical plane.
The second level subroutines are general in nature. Their purpose is to define
quantities or perform tasks which are needed for more than one type of point in
the physical plane. Some second level subroutines remain the same regardless of
the type of problem or boundary conditions being specified. For example, the
simultaneous solution subroutine is used to solve a system of simultaneous
equations for each new point at which unknowns must be determined. Its form
remains unchanged for all problems. This type of subroutine is termed invariant.
Other second level subroutines are used to define the problem and boundary
conditions to be run. Thus, these subroutines are completely dependent upon
the nature of the particular run desired and are termed user-specified.

For each new point the main program decides the point type and calls the
corresponding first level subroutine. Each first level subroutine, in turn,
calls those second level subroutines necessary to evaluate quantities at the
new point (see figure 3). A description of each of the second level subroutines,

followed by a description of the main program and first level subroutines follows.



Second Level Subroutines

Boundary Condition Time Functions Subroutine (user specified)

This subroutine, which actually consists of three Fortran ""SUBROUTINE"s,
is used to specify the 3 functions bl’ bz’ and b3 which form the right-hand
sides of the 3 boundary condition equations. Any function of t may be specified
for each of the three.

Discontinuity Values Subroutine (user specified)

This subroutine, which actually consists of two Fortran 'SUBROUTINE"s,
Bu1 8u1 Buz
is used to specify the values of the discontinuities in — , —7— , 7— , and
Su ax ot 9x
3T which occur along the first discontinuity line and the values of the

du du
discontinuities in 7% and T which occur along the second discontinuity line.

Any function of x may be specified for each of the six discontinuities.

Governing Equation Coefficient Definitions Subroutine (user specified)

This subroutine, which actually consists of three Fortran 'SUBROUTINE"s,

is used to specify the coefficients fl....f 81+ 8go and hl""h in the

6 6
governing differential equations. Any function of x may be specified for each
of the 18 coefficients.

Printout Quantities Subroutine (user specified)

This subroutine, which consists of one Fortran "SUBROUTINE", is used
to specify the output desired. Any of the quantities calculated at the mesh
points and/or any functions of those quantities at any of the mesh points may
be printed out, as specified by this subroutine.

Solution Matrix Subroutine (invariant)

This subroutine sets up the coefficients of the solution matrix for the
quantities at certain types of points to be evaluated in terms of known
quantities at points previously evaluated.

Simultaneous Solution Subroutine (invariant)

This subroutine uses the solution matrix to solve the simultaneous

equations at the points to be evaluated.




Main Program and First Level Subroutines:

The main program begins by reading in the values of Mo’ X s Ax, Cis €,

A1 ...A7, Bl...B7, and Cl"'C7 from the data cards. A preliminary printout then
lists, at the beginning of the output, all of the quantities read in. The main
program then begins calling first level subroutines depending upon the type

of point to be evaluated next, All first level subroutines are invariant.

First Point Subroutine

The first point subroutine is used to calculate the quantities at point 1
in Figure 4 (or point 3 in Fig. 2). The subroutine is called only once, at
the beginning of evaluation of quantities in the physical plane., This type
of point can occur only at the beginning of evaluation, since it involves both
the crossing of the second discontinuity line (2-5) and the satisfaction of
boundary conditions (at point 1) as shown in Fig. 4. For such a point to
occur more than once, the slope of the second discontinuity line in the
physical (x, clt) plane must exceed the value of 3, This program is not
equipped to handle such a case.

To calculate the quantities at point 1 of Fig. 4, one needs the
information at point 2, It is, however, not possible to solve for the quantities
at point 2 independently of those at point 1, since quantities at point 6
must be used in the calculation of those at point 2. Quantities at point 6
must be expressed, using a linear interpolation, in terms of those at point
5 and the unknowns at point 1. Thus, the quantities at points 1 and 2 are
evaluated simultaneously. A total of 18 unknowns exist: 9 at point 1 and

9 at point 2, The 18 needed equations are obtained as follows:



characteristic equation; along 1-2.
characteristic equation along 1-7.
characteristic equations along 2-3.
characteristic equation along 2-4.
characteristic equations along 2-6.
characteristic equag}on along 2-5.
continuity equations along 1-5,
continuity equations along 2-3.
continuity equation along 2-4.
boundary conditions at point 1.

WHENWEDNMNE DN

All 6 continuity equations are used to eliminate the 3 displacement variables
U u, and u, at point 1 and the same 3 at point 2, leaving a system of
12 equations in 12 unknowns. The solution matrix is set up within the first
point subroutine and is then solved, using the second level subroutine for
solution of n equations in n unknowns. After a solution for the 12 derivatives
is obtained, the 6 continuity equations are used to calculate the displacement
variables at points 1 and 2. The first point subroutine calls the following
second level subroutines during its execution (see figure 3).

A) The Boundary Condition Time Function subroutine

to specify the three boundary conditions to be

satisfied at point 1.

B) The Discontinuity Values subroutine to specify the

L . ouy Bul 3u2 au2 Bu3 g 3u3
values of 52~ 3¢ »3x 3t * 3x * ™3¢ ot
3u, duy Buz 8u2
point 5, the values of Fremi i ol sl and 3t
3u3 du
at point 3, and the jumps in % and 3r et point 2.

F) The Governing Equation Coefficient Definitions sub-
routine to be used in specifying the characteristic
equations,

C) The Simultaneous Solution subroutine to solve the 12
equations in 12 unknowns.

D) The Printout Quantities subroutine to print out
desired quantities at points 3, 5, and 1.

*See Appendix E for these equations,

10




Input Point Subroutine

The input point subroutine is called at the beginning of each new

%zgf = - 1 characteristic line. It is used to define and print out the

1
quantities specified at a point on the first discontinuity line. (The
points 1, 2, 4, 7, 11 and 16 in Fig. 2 are all input points.) Only 2 second

level subroutines need be called during execution: (see Fig. 3).

B) The Discontinuity Values subroutine to specify the
Bul Bu1 Buz du,

values of 3%’ 3t 3w and —— at the input

ot
point.
D) The Printout Quantities subroutine to print out

desired quantities at the input point.

Boundary Point Subroutine

The boundary point subroutine is called at the end of each line. It is
used to calculate quantities at the points on the boundary which satisfy the
equations along left running characteristic directions and which satisfy the
boundary condition equations. (The boundary points are referred to as points
6, 10, 15, and 21 in Fig. 2. One example is also shown in Fig. 5). The 9
equations used to calculate the 9 unknowns at point 1 of Fig. 5 are obtained
as follows:
characteristic equations along 1-3.
characteristic equation along 1-4.
continuity equations along 1-3.

continuity equation along 1-4.
boundary conditions at point 1.

W k=N

All 3 continuity equations are used to eliminate the 3 displacement
variables at point 1, leaving a system of 6 equations in 6 unknowns. The
solution matrix is set up within the boundary point subroutine. The resulting
system is solved using the simultaneous solution subroutine. After a solution
for the 6 derivatives is obtained, the 3 continuity equations are used to

calculate the displacement variables at point 1. The boundary point subroutine

11



o

calls the following second level subroutines during execution: (see Figure 3).

A.) The Boundary Condition Time Function subroutine to
specify the three boundary conditions to be satisfied
at point 1.

F.) The Governing Equation Coefficient Definitions
subroutine to be used in specifying the characteristic
equations.

C.) The Simultaneous Solution subroutine to solve the 6
equations in 6 unknowns.

D.) The Printout Quantities subroutine to print out

desired quantities at point 1.

Ordinary Point Subroutine

The ordinary point subroutine is used for each point after an input
point and before a boundary point, except for points complicated by the
crossing of the second discontinuity line. Thus, the ordinary points are
referred to as the points, 9, 14, 17, 19 and 20 in Fig. 2. The 9 equations
used to calculate the 9 unknowns at point 1 of Fig. 6 are obtained as follows:
characteristic equations along 1-3.
characteristic equation along 1-4.
characteristic equations along 1-9.
characteristic equation along 1-6.

continuity equations along 1-3.
continuity equation along 1-4.

H N NN

As in the case of the Boundary Point Subroutine, the 3 continuity
equations are used to eliminate the 3 displacement variables at point 1,
leaving a system of 6 equations in 6 unknowns. This system is solved and
the continuity equations are used to calculate the displacement variables at

point 1. The ordinary point subroutine calls the same second level subroutines

12




as does the boundary point subroutine except that the boundary condition time
function subroutine, is not used in this case. Also, the Solution Matrix
subroutine is used to set-up the system of simultaneous equations (see

Figure 3).

Case 1 Subroutine

The Case I subroutine is used for points complicated by the crossing of
the second discontinuity line in the manner shown in Figure 7. The points
include those marked 5, 8, and 18 in Fig. 2. Quantities are first calculated

Ju du
3 3
at point 1 (Fig. 7b). The discontinuities in -—— and +— at point 1 are

0x at

3u3 8u3
then added to the calculated values of 3% and 3¢ Yrespectively. Finally,
quantities are calculated at point 1' (Fig. 7¢), a mesh point. For each of
the two points, 1 and 1', a system of 9 equations in 9 unknowns is solved,
just as for an ordinary point. Exactly the same second level subroutines
are called during execution as are called from the ordinary point subroutine,
with one addition, i.e., the Discontinuity Value Subroutine is called to

du Ju
3
specify the jumps in 7—— and —— at point 1. Of course, each of the sub-

ax ot
routines, except the specifications of printout quantities, which is used only.

at point 1', must, in this case be called twice; once for evaluation of

quantities at point 1 and once for point 1' of Fig. 7.

Case 11 Subroutine

The Case II subroutine is used for a set of points complicated by the
crossing of the second discontinuity line in the manner shown in Figure 8a.

The points include those marked 12 and 13 in Fig. 2. Quantities are first

13



calculated at point 1 of the first block (Fig. 8b). The discontinuities in

Bua du, du, dug
~— and —— at point 1 are then added to the calculated values of m— and T—
9x ot ax at

respectively. Quantities are then calculated at point 1' (Fig. 8c) of the
first block, a mesh point. Then the quantities at point 1 (Fig. 8d) of the

Jdu du
3
second block, are calculated. Discontinuities in 7= and T—— are added as

9x at
before, and finally, quantities are evaluated at point 1' (Fig. 8e) of the
second block, another mesh point. Exactly the same second level subroutines

are called during execution as are called from the Case I subroutine, with

each being called twice as many times, since two blocks must be evaluated.

14




IV INSTRUCTIONS FOR USE OF MCDIT 21

The MCDIT 21 program offers the user two choices for solving problems.
First, the problem to be solved by the user consists of a structure which is
identical to one of the thirteen prewritten common structure packages listed
in Fig. 1 and the user's boundary conditions are identical to any of the five
prewritten boundary condition packages listed in Fig. 1. Second, the user's
structure and/or the user's boundary conditions have not been included as
prewritten packages, but, the user's governing equations are of the form of
equations (II-1), (II-2), or (II-3) and the boundary conditions of the form
of (II-4). Each of these choices for utilization of MCDIT 21 will now be
discussed.

A. Prewritten Common Structure and Boundary Condition Packages

1. Input to Machine

a. Main Program Deck - invariant

b. Common Structure Package - user chooses prewritten
structure package pertinent to his problem and key
punches this package with necessary physical and
geometrical constants as described in Appendix B.

c. Boundary Condition Packages - user chooses the three
boundary condition packages pertinent to his problem
and key punches these packages with necessary magnitude
constants as described in Appendix C.

d. Printout Quantities Subroutine Specification - user
writes and key punches a subroutine to specify the
points at which he desires data printed out and the
quantities to be printed out at those points, as

described in Appendix D.

15




e. Seven (7) Main Program Input Data Cards - user

specifies following quantities per format listed.

Mo’ X Ax, ¢y C, (14,4F15.8)
Ay Ay A, A A, (5E15.8)
Ags Ay (2E15.8)
B, B, B, B, B_ (5£15.8)
B., B, (2E15.8)
Cl’ C2, C3, Cq, C5 (5E15.8)
Ce» €y (2E15.8)

2. Qutput from Machine

The output of the program will include a preliminary
printout listing all input data which was read into the
main program. The printout of the quantities at mesh
points will then begin as specified by the user.

B. Structure and/or Boundary Conditions Not Prewritten

1. Input to Machine

a, Main Program Deck -~ invariant

b. Structure Package - user chooses one of the prewritten
common structure packages, if applicable, and follows
details of Appendix B. 1If not applicable, user writes
his own structure package as detailed in Appendix D.

¢. Boundary Condition Packages - user chooses or writes
the three boundary condition packages pertinent to
his problem. Instructions for use of prewritten
packages are in Appendix C. Instructions for writing

a new package are in Appendix D.

16




d. Printout Quantities Subroutine Specification - user
writes and key punches a subroutine to specify the
points at which he desires data printed out and the
quantities to be printed out at those points, as
described in Appendix D.

e. Seven (7) Main Program Input Data Cards - user

specifies following quantities per format listed.

MO, X Ax, ¢» €y (14,4E15.8)
ALy Ayy Ay, A, Ag (5E15.8)
AG’ A, (2E15.8)
B, B,, By, B, Bg (5E15.8)
B, B, (2E15.8)
Cl’ C2, C3, Cq, C5 (5E15.8)
Ce» Cy (2E15.8)

Qutput from Machine

The output of the program will include a preliminary
printout listing all input data which was read into the
main program. The printout of the quantities at mesh

points will then begin as specified by the user.

17
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Figure 5. A Boundary Point

Figure 6. An Ordinary Point
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Figure 7. A Case I Point
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Figure 9. Cylindrical Dilatation (Plane Stress)

T
Z
'“\\
|/
J

Figure 10. Cylindrical Dilatation (Plane Strain)

Figure 11. Spherical Dilatation
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Figure 12.

Shear (Rotary)
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Figure 14. Timoshenko Beam
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Figure 15. Plate (Plane)

Figure 16. Plate (Cylindrical)

Figure 17. Bar
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Figure 18. Sheet (Plane)
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Figure 19. Sheet (Cylindrical)
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APPENDIX A: LISTING OF MCDIT 21 MATIN PROGRAM AND TNVARTANT SUBROUTINES

MAIN PROGRAM

COMMONU(9,300) y¥Y(1241214W(999)4F{643)4G{643),H{H643),2(12),UU(12),D
TUTSY Y VIS S UPTSY A (T EITY o CUTY s PINCHXLT S EM3CY1 4 C2 4y XZERC,y T4 ™

1 FORMAT{I4,4F15.8)

7 FORNMATUZEIS.B)

3 FORMAT{SF15.8)

4 FOURMAY(IH ,38HNUMBER OF pCINTS ALONC LEADING WAVE = ,14)

S FORMAT(1H -8HXZERQ = 4E15.8,5X,9HDELTAX = ,E15.8)

6 FORMAT(IH ,S5FC1 = 4E15.848X,5HC2 = 4E15,8)

7 FORMAT(1H 51H{,E15.8,TH)*ULX+(4E15.8,6H)*UL+(,E15.8, TH)*U2X+(4E15.

18,6RY*U2+1,E15.8, TR *U3X+(,E15.8,4H)*U3)

R’ FURMAT(lH v4H +(,F15.8,37THI*UlT = BOUNDARY CONDITION FUNCTICN 1)
9 FORMAT(IH 4H +(3E15.,84,37H)*U2T = BOUNDARY CONDITION FUNCTICN 2)
10 FORMAT(1H ,4H +{,F15.8,37H)*U3T = BCUNDARY CONDITION FUNCTICN 3)
24 FORMAT(IH ,43HSLCPE CF [T+« LINE EXCEEDS OR EQUALS MAXIMUM)
25 FORMAT{1H ,41HVALUE CF 3.0 COMPATIBLE WITH THIS PROGRAM)
AT FORMAYUIH +I&HERRUR TINLTTIC)
69 FORMATILIH 47/7/7)

23

22

91

27

35

28

31
32

READY,MZERC, XZERO,PINC,C1,C2
READ3,A(1),A(2),A(3),A(4),A(5)
READZ ,AT6),ATT)
READ3,B(1),B(2),B(3),R{4)yB(5)

READ?,B(b),B‘I!
READ3,C(1),C(2), C(3’1C(4)1C(5’
READZ,CU6Y,C1T)

PRINT4,MZERD

PRINTS,XZFRO PINC
PRINT6,C1,C2

PRINTTrATIT +A02),AT31,A(4),A (51, AC6)
PRINT8,A(T)
PRINTT+ BT, B(2),B(3),8(4),B(5),B(6)
PRINTG,B(7) } N
PRINTT,C(1Y,C(2),C(3),C(4),C(5),C16)
PRINT10,C(7)

EM=C1/C2

IF(EM-3,)22,23,23

PRINTZ4
PRINT2S
60709999
PRINT6S

XLT=1.

CALLFIRSTP

607026
XLI=L1
T=1
1Y72=1Y7

IYZ=XLI-(2%XLI)/({EM+1,)

CALLINPUTP

IF(1-11128,29,29
1F(1-1-1Y27)30,31,32
TFUIYZZ-1V2133,34,34
IF(I-1-1Y7)36,36,30
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36 PRINT3T
60709999

29 CALLBCUNDP

5?2 LI=LI+#1

26 TF{LI-MZFR(CY27,9999,599S

30 CALLCRDINP
60T035

33 CALLCASE32
GOT0325

34 CALLCASELP
6070325

9999 CALLEXIT

END

SIMULTANEOUS SOLUTION SUBROUTINE

SURRCUTINEMASUR o B

COMMCNU(9;300),Y(12,12)'w(9,9).F(6,3),G(6,3),H(6,3),1112),UU(12),D

1U(9),V(9),UP(Q).A(7),B(7).C(7i.PINC,xLI'EM,CI.CZ,XZERO.I,M

N=M-1

CO 5200 NN=1,4N,1

NNN=NN+1

DO 5100 JJI=NNN,¥,1

FRAC==-Y{JJsNNI/Y{NN,NN)

NO S050 KK=NNe¢M,sl
5050 Y{JJ,KKI=FRAC*Y (NN, ,KK)+Y(JJd,KK)
5100 Z{JJ)=FRAC*Z(NN)+Z(JJ)
5200 CONTINUE

DO 5500 NN=1,Ns1l

NNN=M-NN

JJ=NNN+1

DO 5400 KK=1,NNN,1
5400 Z(KK)==Z{JIV*{Y{KK,JIY7Y(IIsJIJ) ) +Z (KK)
5500 CONTINUE
B600 UYUTKKKI=Z (KKK /Y (KKK KKK)
9999 RFTURN

ENT
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FIRST POINT SUBRQUTINE

SURRCGUTINEFIRSTP

COMMONU1Y9300) 3Y(12,12) 9W(949)5F(693)9G(693)H{643)+2(12),UU112),D
1U(9) 4VI9) JUP(9) 4 A(T)+B(T)4C{T),PINCyXLI,EM,C1,C24XZERC,I,M
PIVENSTONHCLDI(TZ)

ZERQ=0,

X2=XZERO+(2.%PINC) /(1++EM)
X4=ALPH¥(X5-X31+%3

X6=XZERO

XT=SLOP*(XE-X2V+X2
CALLJUMPT (XS5 4UX5,UT5,VXE,VT5)
CALUJUMPTT(XTERG, WX5,WT5)
CALLJUMPY(X3,UX3,UT3,VX2,VT3)
CALLJUMPTTX4,UX4,UT4,VX4,VT4)
CALLGECOFF{1,X2,X3}
TALTGECUOFF (2, X2, X6)
CALLGECOFF(34X14X2)
CALLGFCOFG (Y, x2,X3)
CALLCECOFG(24X2,X6)
CATLGECOFG (3, xT ., X2
CALLGECCOFE(14X24X4)
CALLGECOFH(Z,X2,X5)
CALLGECOFHI3,X1,X7)

CALLBCTF2(T1,R2)
CALLBCTF3(T1,R3)
CALLJUMPIT(X2,pU(8),CU(S))
OX23=X2-X3

DX24=X2-X4

DX26=X2-X6

DT15=T1-TS

DX25=X2-X5

DX12=X1-X2

Y(1,3)=A(3)
Y{1,4Y=A147*D71572.
Y(1,5)=A(5)

¥{(1,10)=0.
Y(1,11)=0,
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Y{1,12)=0.

TV =RI<AT2YRDT1IS*UTS /2 - A (S ) RDTISHVTIS /2, =A(6)¥DTISEWTS 7 7,
Y{2,1)=C1%(1.-F(1,3)%DX12/2.)

YUZ,2V=1.=CI*¥DXT2¥TT15%*F (2,374,

Y(2,3)==C1*DX12%F{3,2)/2,

Y2, 2V ==CY¥DX12%DT I15%F (4,3)/4,

Y{2,5)=-C1*DX12%F(%5,3)/2,

Y{2,6)==CY*DX12*DY1S*F(¢&,3) /4,
Y(2,7)=C1%{-1e-F{1,3)20X12/2,~F{2,3)%DX12%DX23/64,)
Y(2,8)=-1.+F(2?37¥67T2¥DX2374.
Y(2:9)=(-C1*DX12/2.)*{F(3,3)4+F(4,3)%DX23/2,)

Y2, 10V=F (&, 3V XpX12%0%2374,
Y(2,11)=(-C1*DX12/2 V¥ (F(5,3)4F(6,3)%DX24/2.)

Y2 12V=C1*F 6,2V *¥DX 124 X247 (4. %C2Y

2(2)=(C1%ADX12/2. VH{F(2,3)4DT15%UT5/2,+F(2,3)*DX23%(UX3-UT2/C1)/2,.+
TF (G, 3VHpTISkVTE72 +F 14, AV DX 3% VX I=VI37CTY 7 2. #F (6 3V FDT IS ¥ {7572 ¥
2F(6,3)%DX24%(-DU(8)4DU(9)/C2)/2.)
Y(3,17=811)

v(3,2)=B{2)*DT15/2,

Y13,37=8(3)
Y(3,4)=B(4)%DT15/2.4B(7)
Y(3,81=8(5)

Y{(3,6)=B(6)*DT15/2,

Y(3,7)=0,

¥(2,8)=0.

Y(3,9)=0,

Y(3,10)=0.

Y(3,11)=0,

Y(3,12)=0. S ——
7(3Y=RZ-Bl2)*DT15%UT5/2.-B (4 ) *DT] | - Y XD T S*WT®
Y(4,1)=-C1*DX12%G(1,3)/2, _
Y(4,2)=~C1%DX12%DT15%G(2,3)/4.
Y(4,3)=C1%(1,-G(3,3)%0X12/2,)
Y(444)=1,-CI1%DX12%DT15%G(4,3)/4%.
Y(4,5)=-C1*DX12%*G(5,3)/2,
Y(4,6)=-C1*DX12%DT15%G(6,3) /4,
Y(4,7)=(-C1*CX12/2.)%(G(1+3)4G(2,3)%DX23/2,)
Y{(4,8)=C(2,3)*%0X12x0X23/4,
Y(449)=Cl*(~-1,-G(3,3)*CX12/2.-G(4y3)*pX12%pX23/4,)
Y(4,10)=-1, +G(4.3i*nx12*cx23/4.

Y4, 11)W1“g1*rx}g(g“)*(g{§_3)+c(6 3)%DpX24/2.)

Y(4,12)=C1*DX12%DX24*G (6,217 (4.%C2 )
Z(4)=(C1*DX12/24)1*(G(293)*DT15%UT5/2,+G(2+3)%pX23%(UX3-UT3/C1)/2.+

16(4,3)%DT15%VT5/2, 4G (4,2 ) ¥CX23*%(VX3-VT3/C1) /2. +G( 6,3V *DTI5*WT5/72.+
2G6,3) *DX24* (-DU(8)+DU(9)/C2)/2.) o

Y15, 11=(~C2%0X17/2. )*H(143)% (1. +SLOP*PHI )

Y(542)=(-C2%DX1T*DT15/44 ) *H(2,3) %( 1. +SLOP*PHI )
Y(5,3)=(-C2%DX17/2. )%H{2,3) % (1. +SLOP*PHI)

Y(5,4)=(-C2%DX1T*DT15/44 ) 2H(493)%( 1, +SLOP*PHI )
Y(5,5)=C2%(1,~SLOP*PHI-(H(5,3)%DX17/24 )% (1. +SLOP*PHI))
Y(5,6)=1e=SLOP*PHI~(C2*DX1 T*DT15%H (643)/4, ) *(1,+SLOP*PY] )
Y(S,7)=(—C2*Dxf772:7iiﬁfi}3)*(1.-SLéP1¥TH(2;§T*ﬁ7?37?:1*TT7:§fﬁFT)
Y(5,8)=(C2%DX17%DX23%H(2,3)/ (4. *C1))%(1.~-SLOP)




Y(5,6)=(~C2%DX17/2. ) *(H{343)%(1.-SLOP)+(H(4,3)*DX23/2.)*(1,~SLOP))
VS, 10Y=S(Co¥DXT7*DX23%F 4 ,3) 714 *C1) )% {1.-5L0P)
Y{5,11)=C2%(SLOP=1.-{H{5,3)%0X17/2.)1%(1.-SLOP)I=(H(643)*DX1T7%XDX24/4%
1.)*(1.:51:15‘5)_’

Y(5,12)=SLCOP-1.,+{H{6y3)%DX1T*DX24/4,)%(1.,~-SLCP)

TR ESLOP  (WYSE (1, =PHI V) +#C2%SLOPHWXS# (1o ~PHI )4 {C2#DXT 77212 TH{1;3Y
1%XSLOP*UXS5* (1o=PHT )+ (H{ 2, 2)¥DT15%UT5/2, )% (1. +SLOP*PHI }+{H(2,3)*Dx23
S CUX3A=UTS/CY V72 VR (T =SUOPY#H(3,3) #S  OP*VXS* (1 o~PHIV#THT4,3)%DTI5%
3YTS/2. )% 1, +SLOP*PHI )4 (H (4,3 )%DX23%(YX3-VT3/C1)/2. )% (1e~SLOP)+H(5,
ZIVESLOPFWXSF (T =PHITHUF(6,2) ¥DTI5%KWT5/2, ) *x (1. +SLOP*PHI ) ¥ TH (&, 3)%DX
524%(-DU(8)+DU(9)/C2)/2.)%(1.-SL0OPY )

Y6, 11=C(1)

¥(6,2)=C(2)*DT15/2.

Y(6,3)=C(3)

Y(6,4)=C(4)%DT15/2.

Y(&,5¥=C(5)

Y(646)=C(6)¥DT15/2.4CL7)

Y(6,7)=0.

Y{6,8)=0,

Y(6,87=0,

Y(6,10)=0,

YU&,117=0.

Y(6,12)=0,

YR C U2V ¥DTISRUTSE22-Cl4 I %DT18XVIS 72 <C (6 V¥pTISENTS /2,

Y"zllil

Y{(7,3)=0,

Y{7.:4Y=0.

Y(7,5)=0,

Y{1,6)Y=0.

Y(747)=C1#(1,-F(1,1)¥0X23/2.~F(2,1)%0X23%%2/4,)

Y(7,8)=1.4F(2,1)%DX23%%2/4,

Yiln?lu1:&1&9&§2£2M1i1E13v1’*F‘4'1’*DX23/2-’

v(7,101=F (4,1 *DX23%%2/4,

Y(T,11)=t —CI*DXZ’/Z.)*(F(5v1)+F(6yl’*DX24/2 )

Y{T, 12V =CI*DX23%DX24%F (€,11/7 (4.%C2)

Z(7)=UT34C1%UX3+C1*0X23*(F(]41)*UX3/2+F (2,1)%DX23%(yX3-UT3/C1) /4.
14FE (3, 10 %VX3/ 2. 4F (4o LY %D X232 (VX3-VT3/C11/74. +F (5,1 )% (~DU(B) 72, 4F (6,
21)#DX24%(-DULB)+4DU(S)/C2)/4.)

YUB, 1V =C1#PRI* (1. +F(1,2V%0X26/24)

Y{892)=PHI%(~14+C1*DX26*DT15%F(2,42) /4s)

Y(8,3)1=C1*0X26%F {3,2) %pF1/2,

Y(B,4)=C1%DX26%DT ) 5%*F (4,2)*PHI 74,

Y{B,5)=CI1*DX26%F(5,2)%PE1/2.

Y(8,6)=C1*DX26%DT15%F (gy2) *PHI /4,

Y8, TY=CI*(-1.4F{L,2)V%DX26/2,4F (2,4 2)%DX26%DX23/4,)

V(8’8)=10‘F(2,2)*Dx26*[;x23/40

Y(8,9)V=(CI¥0X2672, 1% (F(2,2)4F(4,2)%0X23/2.)

Y(8By10)==F(4,2)*DX26%Dx23/4,

Y(8,11)=(CI*DX26/2 )% (F(5,2)4F16,2)4DX24/72,)

Y(8,12)=-Cl*DX26*DX24*F (642)/(4.%C2)

7(8)= UTS*(I.’PH!hCUUXS*(PHI 1e)={C1¥DX26/72 V¥ {F(1,2)%Ux5*(1.~PH]
1)4F(2,2)%0X23%{UX3-UT3/C1)/2.4F(2,2)*DT15%PHI*UTS/ 2, +F (3521 %VX5* (1
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2.-PHI)4F (4,2)%DX23%(VX2-VT3/C1)/2,4F(442)%DT15*PHI*VT5/2,4F(5,2) %W
AXSH {1 ~PHTY4+F (6,21 *¥CX24% (~DU{BY+DU(91 /C2) /2. +F 6,2 VROTISHFHI¥WTE 7D
4,)

Y(a,1Y=C12PHI*G(1,2V%0X26/2.

Y(9,2)=C1*DX26*DT15%G(2,2)*PH1 /4,
YUG,3)=CL¥PHI*T1.+#G{2,2)%0X26/2.)
Y(9,4)=PHI*(=1.+C1*DX2€&*DT15%G442) /4. )

YU9,51=C1*G(5,2)2xDX26%P+1/ 7.

Y(9,6)=C1*DX26*DT1S*G(&,2)*PHI/4,

YU, TISUCY*DX2672. V%G1 1,2)+G(2,2)%0X23/2,)
Y(9,8)=-C(2,2)%DX26*0X23 /4.
YUS,8)=C1*{-1.+G(3,2)%DX26/2.+G4,2)*DX26*DX2374.)
Y(9,10)=1.-G{4,2)%DX26%DX23/4,

YU, 11 ) ={TCIXDX26 /2. V% (G (5,2)3Gl6,2)%DX24/2.)
Y{(9,12)==-C1*DX26*DX24%G {642}/ (4,*C2)

2T EVTS* 1 SPHT)#CI VX SH¥ (PHT =1, )= CIXDX26 /2 V¥ (GT1, 2V ¥UXS* (1, -PHI
1)14G(2,21%0X23% (UX3-UT3/C1)/2.4G(2+2)%DT15%PHI*UTS/2,4G(3,2)%VyX5%(]
2. SPHYY#G T4, 2V¥DX23%UVXI-NT3/CL) /2, +CG( 4, 2V ¥DYIS¥PHT#VTS 72 ¢G5, 2 V¥R
3XS*(14—PHT)4G(642) *DX24% (~DU(B)+DU(S)/C2)/2,+6(642)=DTIS*PHI*KT5/2
4,)

¥(10,1)=0.

Y(10,2)=0.

Y{(10,3)=0.

Y(10,4)=0.

Y(}Q,S)—O.

Y(10,6)=0.

v(1o.7)-( C1*¥DX23/21%(G(1,1)4G(2,1)%DX23/2,)
Y(10,8Y=G12,11*0X23%%2/4,
Y(10,9»—C1*(1.-G(3,1)*Dx23/2.—e(4,1)*nx23**2/4.)

YU10,10)=1.4G (4, 1Y% X23%%27/4,
Y(10,11)=(-C1%DX23/2.)%(G(5,1)14G(6,11%NX24/2,)
Y10,12)=C1*0X23%pX24#c (651) /{4, %L2)
7010)=VT34C1AYX34C14DX23%(G(1,1)¥UX3/2,+G(241)%DX23%(UX3-UT3/C1) /4
1o +GU3, 1VAVX3/72,. 4G4, 11%0X23%{VX3-VT3/C1) /4. +G15,1 V¥ (-DUT81V/2.+G1(8
241)¥CX24*(-DU(RI+DL(S)/C2)/4.)

Y(11,1)=0.

¥(11+2)=0Ce

Y(11,3)=0.

Y(11,4)=0.

Y{11,5)=0.

Y(1146)=Ca

Y{11,7)=(-C2%DX24/2. )% (K (1,1 )4H(2,1)%DX23/2,)

v(ll,a) C2*NX24%DX23*K(2,1)/ (4+%C1)

Y(11,9)=(-C2%DX24/2. V¥ (F(3s1)+4H(4,1)*DX23/2.)

V(11'10) C2*DX24%DX224H{4,1) /(4. *C1) o
Y(11911)=C2%{1e=H(5,1)#LX24/2,~H(641)%DX24%%2/4.)
Y{11+12)=1e+H{6,1)2DX24%%2/4,
Z(111=DU(9)+C2%DU(BI+C2%nX24* ({1, 1) %UX4/2.4#H(2,1)*DX23*{UX3-UT3/C
11)/740+H{3,1)%VX4 /2 4H (4, 1) *DX23% (yX3~VT3/CL) /4. +H(5,1)%(~-CU(8)) /2,
24H(6,1)%DX24% (—DU(BI+DU(S)/C2) /4e)

Y(12+1)=0.

Y(12,2)=0,

Y(1243)=0.




Y{1244)=0.

Y(12,5)=0.

Y(12,6)=0.

Y(12,7V=1C2*%DX25/2. )% (FH{1,2)+H(2,2)%DX23/2,)

Y{(12,8)==C2%DX25%DX23*H(2,2)/(4,%*C1)

Y(12,9)=(C2%DX25/2. V% (H{3+2)+H(4,21%0X23/2,)

Y(12,10)==C2%DX25%0X23*F(4,2)/(4.,%C1)

Y(12,11)=C2% (=1, +H(5,2)%0X25/2 . +H(642) *DX25%DX24/4,)

Y(12912)=1e~H{6,2)2DX25%0D%24/64,

2112 )=WT5-C2*WXE~(C2*LX25/2, )% (H(1,2)*%UXS+H(2,2)*DX23*(UX3-UT3/C1)
172 +H{3 32V XYX5+H (4,2 ) *CX23%(YX3=-VT3/C1) /2. +H (54 2) *WXS+H( 69 2) *DX24*
2(-NU(8)I+DUL9)/C2)/2.)

p¥=12

TR(Y(1,1))1,2,1

D03J=1,12

HOLD(J)Y=v(1,J)

Y(1oJ)=Y(2,4J)

Y{2,J)=HCLD(J)

CEFP=7(1)

2(1Y=2(2)

2{2)=CEEP

IF(Y(343))4,5,4

DO6JY=1,12

HOLD (Y =Y(3, 1)

Y(2,J)=Y(4y3)

Y4, J)=HCLD(H)

CEEP=7(3)

2(2y=7(4)

2{4)y=CEEP

TF(Y(646))98,8,58

NC9Jy=1,12

HOLD(JY=Y(6,J)

Y(6,4Y=Y(5,])

Y{S,J)=HCLD(J)

CEFP=2{6)

2(6)=71(5)

1(S5)=CEEP

CALLMASUB

uP(2)Y=yulT)

uP{3y=Uu(R)

uP(5)=UU(9)

UP(6)=yu(10)

upP(8)=UU(11)

UP(9)=Uuy(12)

u(2,21=uu(l)

U(3,2)=0y(?)

u(s,21=uu(3)

u{s,2¥=00(4)

u(g8,2)=UU(S)

U(9,2)=uuls)

Ut1,2)={U(3,2)4UT5)*0T15/2,

Ul4,21={U{6,2)4VTI5)*DT1S/2,

U(7,2)=(U{9,2)+WT5)*0T15/2,.



UP(1)=({UP(2)+4UX3)/2.-(UP(3)+UT3)/(2.%C1))*DX23
UP{4)=((UP{5)+yX3) /2. -(LP(6)+VT3)/(2,%C1))*DX23
UPIT)=((UP(8)-DU(R))/72.-(UP(S)-DU(G) )/ (2.*C2)1*Dx24
uU(l,1)=0.
utz,11=0Ux3
ut3,11=yr3
U(441)=0.
UlS5,1)=VX3
UlE,1Y=VT3
Ut7,413)=0,
U‘R11)=00
Ul9,1)=0,.
CALLPRINTO(XS5sT547ERDOyUXS9UTS5y ZERO s VXS5 9VTS54ZERO,WX5sWTSXL1)
CALLPRINTO(X3,T3,U(1,1),Ul2,1),U(3,1),Ul4,13},U(S5,1),U(6+1)sU(Ts1)y
1U(B,1)4U{Ss1) 4 XLIY
CALLPRINTOIX1 »T1,U(1,2),U(2,2),U(3,2),U(4,2)1,U(5+2)2U(8+2)+U(T742),
1U(8,2)1,U(9,2)4XLIT)

9999 RETURN
FND

INPUT POINT SUBROUTINE

SUBRCUTINE INPUTP

COMMONU(G+300),Y(12+12)+W(5,9),F(643),6(6,31,H(6,3),2(12),UU(12),D

1U(9) ,VI9) yUPL(O )y AL T)4B(T) 4y C(T) 9sPINCXLISEMyC1,C24XZERCyT oM

X=XZERQ+XLI%*PINC

T=XLI*PINC/C1

v{l}=0,

vi4)=C,

V{T)=0,

V(8’=0.

V(9)=0.

CALLJUNMPTI(X o V{2),4V{3),V(5),VI(6)}

CALLPRINTOIX 4 ToVI1)4VI2),VI(3),VI4),y(5),v(6),VIT) , V(B),V(F)sXLI)
290 RFTURN

END
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BOUNDARY POINT SUBROUTINE

SUBRGUTINEBOUNCP

CGMMCNU(_9~_300) Y(12912)V9W(G49),F(693)sC{8y3) HIB+3),Z{12Y,0U(12),0
1U(9).V(9).UP(9) A(T7),B(7 C(7) PINCyXLI,EM,C1,C2,X2ZFRC,I,M
DINENSTONHCLDTLZ)

XI=1
KI=XTFERD

T=({XLI+XT)*PINC/C1
THUK=2. /1EM+1,)

X3=X14PINC

YL =XT+SMUKEPINC

DC10J=1,9

WL, 3=V

W(Jya)=UlJy 1) +SMUKX(VIJ)I-U(I,1))

WXGA=WUE,4)

WT4A=W{9,4)

CALLGECOFF {1, X1,X3)

CALLGECDFG{1,X1,4X3)

CALLGECTFHIY X1, X&)

CALLBCTF1(T,R1)

CALLRCTF2(T,r2)

CALLBCTF3(T,R3)

DX13=X1-X3

DX14=X1-X4
YU, IV =CI%1.-E(1,1Y%0X13/2,)

Y(212)=1.*F(2’1)*DX13**2/2.

Y{2,3)=-C1*F(3,1)%DX13/2.

Y{2:4)=F{4,1)1%DX13%%2/2,

Y(2,5)=-C1*F(5,1)*nX13/2,

Y{246)=F(6,1)*¥DX13%%2/2,

FU2V=WU3 1 3Y4C 120 (23)4C1#DX13%(E (1,1 ) %W {243V 4F{2,1)%{W(1,3)4+U(1,1)
1-U(3, 1 1%DX13/7C1I4F {3,113 W (5,3 )4F (4, 1) %(w(4,3)4U(4,1)-U(6,1)1%DX13/C
ZIVFE (S 1T VEN (B 3V 4F (B9 L)% (WIT 424U T, I)-Ul9,1)%DX13/C1) )/ 2.

Y(4,1)=-C1%G{1,1)*0x12/2.

Y(4+2)1=G(2,1)%DX13%%2/2,

Y(4,3)=C1%(1.-G{3,1)%Dx12/2,)

Y4 141=1.4G (4, 1)¥pX13%%2/2,

Y{4,5)==C1*%G(5,1)%Dx13/2,

Y(4:6)=G(641)%DX13%%x2/2,

204)=W(643)+C1*N(5,3)4C1*DXI3%(G(1,1)1%W(2,3)4G(2,1)%(W(1+3)4U(1y )
1-U13,2)*DX13/¢c1 )+G(3.1)*w(5,3)+G(4,1)*(w(4,3)*U(a,I) Uls, 1)%Dx13/C
21)*C(5,1)¥w(e,3)+6(6 1) *(W(7,3)4+U(7,1)-U(9,1)*DX13/C1))/2.

=-2.,%DX13/C1

xigj1)--CZ*H(1,1)*Dx14/2.

Y{542)==C2%H(2,1)%0T*DX14/4,

Y{(593)=~C2%H(3,1)%DX14/2.

Y(5,4)=-C2*H{4,11%DT*CX14/4,

Y{5,5)=C2%{1,-H{(5,1)*CX14/2.)

Y(5,61=1.~C2%H{6,112DT*0X 14/ 4,

2(S)=W{9 4440 2%W (B, 4 4C2*DX14*(H{Ly 1) XW({2,4)4H(2,1)1%(W(1,4)+U(1,1)
TR0 IR0 772 V43 31 ) %W (5441 4H14 4 L 12 IW (444 ) +U (4, 114UL6,112DT /2. ) +H
2(5,1)%W (B4 +H(6,1 )% (W(T,4)+U(T, 1) +U(9,1)%DT/2,))/2,

Yi{l,1)=A(1)

Y{142)V=A(T7)4+A(2)%DT/2,

A-9
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11

Y(1,3)=A(3)

Y{1,4VEA(4Y%DT /2.

Y{1,5)=A(5)

Y1 ,6Y=A16)%DT/2.
ZU1)=RI-A(2)%(U(L, 1)4U(2,1)%DT/2,)-A(4)%{Ul4,1)+U{6,1)%0DT/2.1-A(6)
T*(U7,11+U(9,1)V%DT/2.)
Y(3,1)=B(1)

Y{3,2)=B(2)*0T/2.

Y(3,3)=B(3)
YT3,4)Y=B1(7)4B(4)%DT/2.
Y{3,5)=R(5)

Y(3,6)=B(6¥*%DT/2.
I(3)=R2~-B(2)%(U(1,1)+U(3,1)V%DT/2,)-Bl4)}*x(Ul4,1)+U(6,1)*DT/2.)-B(6)
1% (U(T7,1)4U(9,11%DT/2.)
Y{s,1)=C(1)

YU6,2Y=C(2V%DT /2.

Y(6,3)=C(3)

Y16,4)=C(4)%DT /2,

Y{(6,5)=C(5)
YU6,6Y=C{TY+C{6)2DT/2.
ZU6)=R3I-C{2IX(U(Ly IN4U(3,1I%*DT/2,)-Cl4)%{U{&4,TY+U(6,1)%DT/2.)-C(5)
1 (U7, 1)+Ul9,1)%DT/2.)
TF(Y(1,1))1,2,1

D0O3J=1,6

HOLD(J) =Y(1,J)

Y{1,0)=Y12,J)

Y{2,J)=HCLO( )

CEEP=1(1)

Zt1)=7(2)

2(2)V=CEEP

IFLY{(3,3))4,5,4

po&J=1,6

HOLD(J)=Y{3,4)

Y(3,d)1=Y(4, )

Y4, =HCLD(Y)

CEEP=7(3)

71(3)=7(4)

7{4Y=CEEP

IF(Y(6,6))95,8,99

D09J=1,6

HOLD(D) =Y16,4)

Y(6,J)=2Y(5,J)

CEEP=1(6)

Z(5)=2(5)

Z(s5)Y=CgEP

CALLMASUB

poity=1,3

V(3%J-1) =0y (2%J-1)
v3xg1=0U(2%j)
VI1)=U(1,11+(U(3,1)+V(3))%CT/2,
V&Y =U{4,TY4{U(6,1)4V(6))%CT /2,
VI7)=U(T 1)+(U(9,1)+V(S))*DT/2,
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9999

1U(9) 4 VIS)yUP {9}y A(T)sBUT)4C(T7)PINCyXLT+EMyC1+,C24XZERD, I, M

99

290,
9599

D012J=1,9
dtdh =Wy, 3
UGS, I+1)=Vd)

CALLPRINTCUXL, T, VI L, V2T, VI3, yI&) ,VIST ,VIST  VITY L VIBY VIITH XLTT

RETURN
END

ORDINARY POINT SUBROUTINE

SUBRCUTINEORDINP

COMMONUUS,300) ,Y{T129121 W {F48) yF(6+3)4G(6y3)yHI{6+33,Z(12),UULT2)5D"

XT=1
X1=XZERO+(XLI-XI)#PINC
TEUXLT+#XT)¥PINC/C1
SMUK=2,/(EM+1,)
X3=X1+PTINC

X9=X1-PINC
XG=XT+SVUKFPINT
X6=X1=SMUK*PINC

BOYI=1,9

Wid,y,3)=vid)

WiJ,91=utJ,1+1) .
W{Jya)=U(JIy 1) +SMUK%(V(II-ULI, 1))

WU, 6T=01T, 1 Y¥SMUK* ULy, T+1)-UJ,1))

Utd,1)=vid)

WXLZA=WIR,4)

WT4A=4W{(9,4)

TALLGECTUFFUL L, X1, X3)

CALLGECOFF(24X1,X9)

CALLGECOFG({24X1,4X%9}

CALLGECOFHTL , X1, X&)

CALLGECOFF{24+X14X6)

DX13=x1-Xx3

DX14=X1-X4

DxIe=x1-X9

DX16=X1-X6 e e
CALLSOLMAT(WX4A WT4A,CX13,C0X14,0X19,CX16}
CALLMASUR

D02J=1,12

V(3f§-l)=UU}2fJ‘l)

V(3*J)=Uuu(2*))
V(1)=H(1,3)+(W(2,3)04V{2)-(W(3,3)4V(2))/C1)*DX13/2.
V0 =Wla, 317+ (W (5,3)¢v(B)-(n(6,3)4V(6))/C11%DX1372,
VITY=W({T+4)+(W{B,4)+VIB)~{W{T,4)+V(S))/C2)%DX14/2.

CALLPRINTO(XT, Tov (L), V(2),VI3)sV(4)9V(5)4V(6)4V(T)VIB),VI9),XLI)

I=1+1
RETURN
END
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CASE I POINT SUBROUTINE

SURROUTINECASE1P

COMMONU(9,300) Y (12512) ¢W{999)9F{643)+6(693),H{643),Z(12),UUL12Y,D
1ULS )4 VIG)4UP(T) g ACT)sBLT)4C{T)yPINC XLT,EM,C14C24XZERC,I4M
X1=1

T=(XLI+XI)*PINC/C1

XY=X7FRO+ (2. *pINC*XLI)/(EN+]1,)

X9=X1-PINC

X3=XIEROF(XLT-XTI+1,)#pINC

X4=XIERO+(4 ¢ *¥P INCHEMKXL T )/ (EM41, 1 k%2 (2, *%PINC*(XI-14))/{EM+1,)
X6=X1-2,*¥PINC/(EN+1,)

SMUKQ'—'(I."Z. /(EM*lo))/‘2-*(XLI‘10'/(EH4’10)"(XLI-XI-]..))
SMUK4=IXLT=XT41 e )= (4o REMEXLT/(EM+L o ) 2%2) 4 (2 ¥ (XTI-1 o) 7UEM+ T, TY
DC1J=1,9

wWild,3)=v(y)

W(Jy9)=UP(J)+SMUKS*(U(J,1+1)-UP(J))

Wld,aY=V{g)+SMUKAG* (U(J,T)-V(I))

WlJ,8)=UP(Y)

uty,D=viy)

CALLJUMPIT(X1,DU(8),DU(S))

Wwi8,3)=w(8,3)-DU(8)

WX4A=W(8,4)4DU(B)

WT4A=K(9,4)+DU15)

W(B,4)=W{B,4)-DU(8)

W(9,4)=W{9,4)-DU(9)

CALLGECOFF{1,4X1yX3)

CALLGECOFF(2,X1,XG)

CALLGECOFG(14X1yX3)

CALLGECOFCG(2,X1,%X3)

CALLGECOFH(14X19X4)

CALLGSCOFHL1, X1, X6)

DX13=X1-X3

DX14=X1-X4

DX19=X1-X9

DX16=X1-X6

CALLSOLMAT{WX4A,WT4A,CX]13,0%X14,0X19,0x16)

CALLMASUB

D02J=1,3

W{3%J-1,3)=0U(2%3-1)

W(3%J,3)=UU(2xJ) ) -

WlLl,3 =y ()4 {V(2)4+H(2,3)-(V(3)1+W(3,3))/Cl)%pX13/2,
Wl493)=VI4)4(VIS)I+W(S5,3)-(VIE)+W(6,3))/CLI%DX13/2,

W73 =W(T,4)14(W(Bs4)4W(B8y3)—(NW(9y4)4W(9,3))/C2)%DX14/2.

X3=X1

X1=XZERO+(XLI-XI)*PINC

X9=X1-PINC ) -
X4=XZERON#(PINC/(EM+] o) )R {XLTI+XTH+EM*IXLI-XT)-2 % EMEXLT/ (FV+1, )42, %X
ILI/(EM+1,))

X6=XZERO+ (PINCX{XLI-XI-24 ) +EMRPINCH (XL I-XI))/(EM+1,)

SMUK4=(24 %X| I*(EM=14)/ (FM+1, ) %%2) = (XLI-XT)*{EM-14)/7(EM+1.)
SMUKE={{XLT=-XT=2¢+EMX(XLTI-XI})7{EM+1, )= (XL I=XT=1a) )/ (2% (X I=-1.)/¢
1EM+16 )= (XL I-XI-1,))

p03J=1,9

W{Jy4)=W{J,3)4sMUKE* (W (J,9)-W(y,3))
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290
9599

UP(JY=H(J,3)

A(J,y91=U(J,T+¥1)
W{J,6)=W{Js9)4SMUKEX(W(Jy6)-W(J,9))

WX4A=N{8,41

WT4A=H{(9,4)

CALLGECOFF (Y, X1, X3)

CALLGECOFF({2,X1,X9)

CALLGECOFG(1,X1,X3)

CALLGECOFG(2,x1,X%9)

CALLGECOFHTI L, X1, X4)

CALLGECOFF(2,%1,X6)

pDXI3=X1-X3

DX14=X1-X4

O0X19=X1~-X9

DX1e=X1-X6
CALLSOLMAT(WX4 A, WT42,0X13,0X14,0X19,DX16)
CALLMASUSB

Do4ad=1,3

Vi3xg-1i=UUu(2%*J-1)

v3ExgY=0012%))
VIIY=W(193)+(W{2,3)4V(2)-(W(3,3)4V(2))/CLI%XDX13/2,
vIGT=WT4, 3T+ TW (5, 314V {5)-(W(6,3V4VI6T ) /C1YXDX13/2,
VIT)I=W(T 9414+ (H(8:4)4VI(B)-{W(Q4)ty(Sit1/C21*DX1472,.

CALUPRINTOUX Y, Yo VT H»V(2),VI3) V{4 )y VIE),VIE) s VT o VIET, V(9) XL TY
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30¢

208

4

99

CASE IT POINT SUBROUTINE

SUBROUTINECASE32 A o
COMMONU (9,300) sY{12+12)4W{G49)sF{6,3),G(643),H{643),2(12),UU(12),D
1U(9Y,V(9) yUPLO) 3 ALT) 3B(T)3C{T) yPINC XLIJEMyC14C29XZERC,I4M

Xt=1

T=(XLI+X1)#PINC/C1

XT=XTERO+ (2. %pINC*XXTY/LEM-1,)

X3=X1+PINC

XO=X7ERO# (XLI=XT-1. )V #pINC
XE=XIERC4+2¢*PINCH*(XLI-14)/(EM+1,)

po1d=1,7

W(Js6)=UP(J)

W8, ¢ 1=UP(8)-DU(8)

W(9,6)=UP(9)-DU(S)

SMUKG =X U Y= KT+ o = T4 ¥EMEXT ) /{ (EM+ L VR (EM-1, 1)+ (2. 2{XT-1,V/(ENST,))
1F(SMUK4-1,1302,202,20¢

XA=XTERO T4  ¥ENMKPINCHXT )7 L{EM L. VR (EM=Y . ) ) =2 *PINCHTXT=T1, ) 7{ENFT.Y
p02J4=1,9

W(JsaY=SVTUJIY$ShUKE*(yld,1)-V(g))

G0T0308

X4=XTFRO+ (4 HENMKPINCEXT/ (EM-1 1 %%2 )= (2., %pINCX(XLTI-1,)Y7{eN=-1.1)
SMUK4={XLT=XT—4, ¥EMAXT/{EM=1,)%%242 % (XL I-14)/(EM~-10)) 7{XLI-XTI-2,%
1OXLT=1.) 7(EM+Y1. )

NC3J=1,9

WIS 4Y=UTS, 1Y ¥SMUKE* (il J,61-U(g, 1))

SMUK3=XL I-{XI*(EMs+1,)/(EN-1.))

Bo4Jd=1,9

W(Je3)=VIII+SMUKIR (ULJ,1)-V(J))

WiJ,9)=UlJ,1+1)

CALLJUMPTI(X1,DU(8),0U(S))

W(8,8Y=W(B,9Y+DU(8}

WX4A=W(B 44)

HWHT4A=W (9 ,4)

CALLGECOFF (1,X1,X%X3)

CALLGECOFF{2,4X14yX9)

CALLGECOFG(1,X1,X3)

CALLGECOFG{2,%14%9)

CALLGECOFH{1,x14X4)

CALLGECOFH(2,4X14X6)

DX13=X1-X3

NX1i4=X1-X4

DX19=x1-X9

DX16=X1-X6

CALLSOLMAT(WX4A,NT4A,DX13,DX14,DX19,CX16)

CALLMASUR

D05 Jd=1,3

W(3%J-1,9)=UU{2%J-1)

W{3%J,9)=Uy{2%])

WT 0 =Wl1,3)4+(W{2,3)4W{2,9)~{W{3,3)+4W(32,9))/C1)%DX13/2.
Wl499)=W{4,3)+(W(5,3)4W(5,9)-(W(6,3)+W(6,9))/C1)*DX13/2,
WiTeO) =W T34 )+ (WIB4)4+W 18,9V -(W{G,4)4+W(9,9Y)/CoV%¥DX147/2,
Xa=x1

XI=X7ERO+(XLI=XT¥*PINC

X3=X1+PINC

A-1h4




X4=X142.%PINC/ (EM+1,)

X&6=XT=2,%PINC/(EN+1J)

SMUKE={ XL T=-XT= (XL T=XT=2,+FEME(XLI=-XI))/(EM+1,) )7 {XLTI=XTI=2.*{XLI-1,s)

T7TENFT.Y)
SMUK4={EM-1.)/ (EM+1,)
nUTI=Y, 9
wWi(J,3)1=V(y) _
WS, e =Utd, TY+SMUKe* (Wld,6)-UtJ, 1))
W{J 4=V J)+SMUKLX (UL ,1)-V(J))
utI, T=vin
WX4A=W(8,4)
WT4A=4H(9,4)
CALLGECOFF (1 ,X1,4X3)
TAULCGECOFF(2,X1yX9)
CALLGECOFG(1,X1,X3)
CALLTGECOEGU2, X1, X9)
CALLGECOFHI{Y1,X1yX4)
TALLGECDFHT 2 ,4XY, X6)
DX13=X1-X3
DX1&E=X1-X4
Dxlg9=x1-x9
DX1i6=%x1-%X6&
CALLSOLMAT{Wx4A,WT4A,0X13,0X14,DX19,0X16)
EALLMASUR
98 UUEJ is2

V(3%J-1)=UU(2%J4-1)

8 viaxJ)=Uul2*xy) , N
VITIZWL 93 )4 (W12,3)4V(2)~(W{3,3)4V(2))/C1)I%DX13/2.
V04 =Wl4,3)4+{W(5,3 4y (5)-{W(6,3)+V(6))/C1I*DX13/2,
VT ST 41 ¥ (W (8,4 )+VIB)-(W(S,4)+V(S)) /C2I%DX14/2,
CALLPRINTO(X1, ToV {1 VI2),V(3),VI4),V(5)5V(6)9V(T)V(B)VII)WXLT)

290 I=1+1

xr=r

T=(XUT+XIVY*PINC/CY

X1=XZERO+ (2., %¥PINCRXLTI)/(EM+1,)

X9=X1-PINC

X3=XZERO+(XLI-XI+1.)*PINC o , o
a=XTERO+¥ (4 *P INCHEMXXLT )/ (EM+ 1, )%%2-( 2, %P INC*(Xj-1,) )/ (EM+1,)
X6=XZERO+{2.%PINC*(XI-14))/(EM-1,)

po9J4=1,7

9 WiJy6)= __w_ﬁ(»g__,g)

W(8,6)=W(8,9)+0U(8)

Wi9,6)=W(9,9)+DUL9S)

SMUKO=XLT=XT41 =24 %X I/ (EM+1,)

SMUK4=({XLT-XT+1e )= (4o ¥EMAXLT/ (EMPL L VH¥2)4 (2% (XT=-10 ) /{EM+1.) D)/ (X
ILT-XT41 4= (2., %(XI=14)/7(Ep=14)))

D010J=149

WiJy31=V(J)

W(Jy4)=VIJ)+SMUKE* (W (J,5)~ -vi{J)}

10 WJ,9Y=Uly, 1) +SMUKSX(U{JyT+1)-ULJ 1))

CALLJUMPIT(X1,DU(8),0ULG))

Wi, 3=y (8,3)-CU(8)

WX4A=W{8,4)+DU(B)

~
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WT4A=W(9,4)+DU(9)

W(8,4)1=H(8,4)-DUB)}

W(9,4)=W{9,4)-DU(9)

CALLGECOFFI1,X1,X3)

CALLGECCFF{24X1,X%)

CALLGECOFG(1,X1,X3)

CALLGECOFG(24X1yX9)

CALLGECOFK(]1,X1,X4)

CALLGECOFH(24X14X6)

DX13=X1-X3

DX14=X1-X4

DX19=X1-X9

CX16=X1-X6
CALLSOLMAT(WX4A,WT4A,0X13,0X14,DX19,DX16)
CALLMASUB

DC11J=1,3

W{3xJ-1,3)=U0U(2%J-1)

W(3%J,3)=UU(2%))
Wl1,2)=VI1IH(V{2)+W(2,3)-tVI3)+W(3,3))/C1)%DX13/2,
W(4,3)=V(8)+ (VIS5 +W(5,3)-(V(6)+W(6,2))/C1)*DX1372,
WIT42)=W{T44)+(W(Bs4)4W(8,3)-(W{G,4)4W(9,3))}/C2)%DX14/2,
X3=X1

X1=XZFRO+( XL I-XI)*PINC

X9=X1-PINC

X6=XI'ZQ*PINCI(EM"10,
Xa=X2ERO+{PINC/(EM+L o ) P H(XLI4XT4EMEIXL I =XT ) =2 #EMEXLT7TEN+T 142, %X
LLI/Z(EM+1,))

SMUKA={2 e XL I* (EM=-14 )/ (EM+1, ) %% 2) - [ XLT=XT V¥ {EM-1.T71EN+1.)
SMUK6=(EM=14)/ (EM+1.)

NO12J=1,9

UP(Jy=wtd,3) |
W(Jy4)=W(Jy3)4SMUKS*(W(J,9)-NW(Jy3))
Wi{Jy9)¥=Uld,T41)

WEJe6)=W {99 )4+ SMUKE*(U(Jy1)-W(J,9))

Utyd,1=vey)

WX4A=W(8,4)

WT4A=W(9,44)

CALLGECOFF(1,X1,4X3)

CALLGECOFF(2,X1yX9)

CALLGECOFG(1,X1,X3)

CALLGECOFG(24X1,X3)

CALLGECOFH(L1,X1,X4)

CALLGECOFH(2,X1,X6)

DX13=X1-X3

DX14=X1~X4

DX19=X1-X9

DX16=X1-X6

CALLSOLMAT(WX4A WT4A,CX13,0X14,DX19,DX16)
CALLMASUB

pC13y=1,3
S V3% J-1) =UU(2%y-1)

vI3xg)=UU(2%y)
VI1)=W{143)+{W(2,3)+V(2)-(W(3,3)+y(3))/CL)*DX13/2,
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v;g)fgljjalf}w(5,3y+vgs)—(ugﬁ,a)fV(sy)/C1)*ox13/2.
VTV EW (T o4 4 (W (8,6 Y+VI8Y-(WIG,4)+V(G)1/C2V*DX14/ 2,
CALLPRINTO(X1,ToV(1),VI2),V(3)yV(4),V(5),V(6)5VIT),VI8),VIS),XLI

293 I=1+1
9999 RETURN

END

SOLUTION MATRIX SUBROUTINE

SURROUTINESOLMAT(WX4A,WT4ADX13,DX14,0X19,DX16)
5UMMUNUT§?§UOV;Y(12;12);w(9;9);F(e.al;c(G;B);Hlb;B);Z(th;UU(lZ);D
1U(9) o, V(9),UP(9), A7) ,BLT)CT)4PINC,XLI,EMyC1yC2+XZERCyI.M

YT, 1) ECT#T=1o#F {1, 2V%DX 1572 ¥F (2, 2)*¥DX19%Dx13/4.)

Y(1,2)=1.-F(2,2)#DX1S*DX13/4,

YOI, 3V=CTHUFU3,2V%DX19/2.4F4,2)%¥DX19%Dx 13 /4,)

Y{(1,4)=-F(4,2)%DX15%DX12/4,

YOI, 5YSCI¥UFUS , 9V ¥DX16/2. 4F (6, 2) ¥DX19%DX1474,)

Y(1,6)=—C1¥F(642)%DX19%CX14/ (4,%C2)
ZTTITEWT3,;9)=C1%¥W12,9)-(C1#DX19/2 )% (FL1,2) %W (2,9} +F(2,2) #DX13*(W(2
193)-W(343)/C1)/2.4F(252)%(W(153)+W(1,9))4F(3,2)%N(5,9)+F(4+2)*DX13
SHFTHUS 3 =WlE s 3 /CY 1 /2. 4F (4,2) % ({4 ,3) +W{479) V4F(5,2)%W18,9)+F1642)
IADXIGK(W(B14)-W(994)/C2)/2,4F(642)x(N{T+4)+W{7,9)))
”VT%?YTECT¥TGTT;ZY*bXI§/2;46(2,2)*Dx19*nx13/4;)

Y(3,2)==G(2,2)%¥DX19%DX12/4%,
YU3,3V=C1%(=1.3613,2V4EX19/2,. 4G4, 2)*DX15*DX13/4,)

Y(344)=1,-G(4,2)%DX19%0X13/4.

YU, 5)=C1H (G5, 21%0X1972.+61 6, 2) ¥DX19%DX1474,)

Y(3,6)=-C1*DX19%DX14%G(€42)/(4.%C2)

TURY=WTE, 5V =CI# (5,9 ) =TCIHOXID/2.) ¥ 161y 2)¥W (273) +G( 2, ZV¥DX134TW {2
193)-W1343)/C1) 72, 4G(2,2)a(W(143)4W(),9))4G(3,2)*W(5,9)4G(4,2)%DX13
FEIWIS 3V =WT6,3 1 7C1V72.4C (4,2 F RN 4, 2V 4W(479Y ) ¥GT5, 2V¥HTB,5) 45164 2)

*ox14*(W(e.a;-wto'a)/cz)/2.+G(6,2)*(wlvoé)*w(7.9i!i
‘VT%STTEEE*THTI;21*ﬁ¥f672;#H(2¥2S¥DX16*6X1314;)

Y(642)==C2%DX16%DX13%K(2,2)/(4+*CY)
VTEiﬁY?t??TFT?IZS*ﬁf1617;¥ﬂfﬁ?27*ﬁx16*6?137(21

Y(6,4)=-C2%DX16%DX13%H{4,2)/(4.%*C))

v(6,5i=t?*(—lfTﬁiS}2W56i1672;¥H(6;2ffﬁi16?61147ﬁiﬁ

Y{696)=1,-H{642)*DX1ExCX14/4.

TT€Y¥WT§¥€TZEYIQ(676$4(C?#ox16]2li*(PTI;2T¥W(2;6i¥Q(Z;Ziinilzilﬂlz
!121:!!31211911!2-+H(2v2‘*(ﬂ‘1’3’fﬂ(1'§?)f3!3v2?f&kizb)fﬂlﬁz?’*PX!3
SR (WIS 1 3) =h {633V C1 /20 tH b2V R (W43 4W(4,6) )4H(5,2)4W(B,8)+H{6,42)
FADX14* (W (B4 )~W(9941/C2)/24H{6,2) ¥ (W(T,4)+W(T,6)))
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Y{2,1)=C1*{1e=F(1y1)#CX13/2,-F(2,1)%DX13%%27/4,)
Y{292)=14F(2,1)%DX13%*%2/4,
YUZ2, ) =C1*x(=F (3, 1) *0X13/2.~F (4 1 )%pX13%%2/4,)
Y{2+4)=F(4,1)%DX13*%2/4. o
YU2,5)=C1*(~F(5s 1)*CX13/2.,-F(6,1)%DX13%0X14/4,)
V(P.s)Ag;f9513*nx14*5(6,1)/(4 *C2)
1(2)=W(3, 3)+C1*H(2,3)*CI*DXIB*(F(I,1)*H(2,3)/2.+F(2,1)*DX13*(H(2,_
1)-W{3,3) /C1) /4o +F (2,1 ) ¥W{1,3)+F(3,1)%N(5,3)/2.4F(4,1)%DX13%(W(5,3
2- w(6.3)/c1»/4.+F(4,1)*u(4,3)+F(5.1)*u(8.3)/?.+F(6,1)ibx14*(u(8,47-
3W(944)/C2) 740 +F (6, 1) % (W(T7,4)4W(T,3))/2.)
Vflliﬁiﬁi¥14GTi}ii10X13i2J—G(é}1)*Dx13**2/4;T
Y{4,2)=G(2,1)%DX13%%2/4, -
Y(4+y3)=C1%(1,-G{3,1)%#CX12/2.-Gl4&,1V*DX13%%2/4,.)
Y(495)1=Cla{~g(5,1)2DX12/2-G(641V%DX13%DX14/%.)
Y(4,6)=C1*¥DX13%DX14*G(€,1)/(4.%C2) L
2lay= u(6.3)+c1*w(5,3)+c1*Dx13*(G(1,1)*w(2 3)/2.4G{2,1)%DX13% ({2
1)-wi(3,3)/C1)/4.4G(2, 1)*h(1,3)+6(3,1)*w¢5.3)/2.+G(6.1)*Dx13*(w(5.
2= w(6.3)/c1)/h.+G(4.1)*w(4,3)+c(5.1t*w(s.3)/2.+6(6 1)*DX14*(W(8,4
3WI9,4)1/C2)/444G(62 1) ¥ (W(T9a)+W(T+3))1/2,)
Y{5,1)1=C2%(-H{1,1)%DX14/2.-H{2,1)%0X14%DX13/4.)
Y(S5,21=Co*EX14*DX13%H{2,1)/7(4%C1)
Y{543)=C2%(~H(3,1)%DX14/2,-H{4 1 )%0CX14%DX13/4,)
Y{5,4)=C2%0XT4%x0X13%H{4,1)/(4.%C1)
Y(545)=C2%(1e-H{5,1)%DX14/2,~-HI{6,1)¥DX14%%2/4,)
Y(5,61=1e+H{6,11RDX14%%2/74,
Z(5)Y=WT4A+C2%WX4A4+C2*OX14%{H{ Lyl V¥ W(244) /2 4H{2,1)%DX13%(W(243)-WI
1333)Y/C1) /74 +H(2, 1) ¥ ({1,331 4R {194))/2.4H{3,1)%W (5,472, +#HT4, 1)1 %DXTI3
2% (W(5433)-W{6+3)/C1)/4.4H 14 1) % {W(443)4Wl444))/2.4H{5,11%W(By4)/2.+
BHUE, 1 VADX14¥ (WIB,4)-W{G4)/C2V /4. 4+H (65 1)%H(T4))
M=6
RETURN
END

3
3)
y ) —~
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APPENDIX B: PREWRITTEN COMMON STRUCTURE PACKAGES

This appendix details the prewritten packages for the common structures
shown in Figure 1. Each of these packages includes the coefficient specification,
discontinuity magnitude specification, and output specification subroutines., In
each of these packages the user need only fill in the constants which are
dependent upon the material, dimensions, and discontinuity magnitude. The
symbols representing these constants are underlined within each package; the
user substitutes a floating point number for each. Constants depending upon the
discontinuity magnitude are defined in each problem section; others are defined

in the following list of symbols.

a,R - bar radius, cylindrical shell radius
A - Area
. 1/2
cy - Dbar velocity = (E/p)
4 ~ dilatational (or irrotational) velocity = {()\+2G)/P}l/2
o -~ equivoluminal {or distortional) velocity = (G/g)l/2
e - plate velocity = {E/p(1-v2)}1/2
cq - shear velocity = k co
D - flexural rigidity = Eh3/12(1-v?)
E - modulus of elasticity
G - shear modulus = E/2(1+v)
h - thickness
I - moment of inertia
k2 - shear correction factor
K, K1 - correction factors
'Ep - E/(1-v2)
A - Lame's constant of elasticity = vE/(1+v) (1-2v)
v ~ Poisson's ratio
r,s - radial distance, meridional distance
ro,s0 - r at boundary, s at boundary
p - density
M - bending moment
N ~ mnormal stress resultant averaged across sheet
P - bar stresses
Q - shear stress resultant
n, Fz’ g -h%/12R, 1-n/R, k2(1-v)/2, respectively



Problem 1 - Cylindrical Dilatation (Plane Stress) [3]1: See Figure 9.

) 3%u 1_ 3% _ 1L _ 13w, _
Governing Equation: 322 "2 Z 3212 u - a7 s 1
Ev E__ 3u
Generalized Stress: o, = T utT57 3y
3u -1/2 3u, _ -1/2
Discontinuities [5;]= k' r H [Bt] = -k’ cp T
1-v2 . fed
where k' = /ro 3 [?r] r=r if oL boundary condition
1 au .. du s
V= - - f — boundary condition
ko= (Cp) [;t r=r T y

Problem Package:

SUBROUTINE JUMP I(X,DU1X, DUIT, DUZX, DU2T)

DULX = k'/X*%(.5)
DUIT = -DUIX * ¢
P

DU2X = 0.
DU2T = 0.
RETURN
END

SUBROUTINE JUMP II(X, DU3X, DU3T)
DU3X = 0.

DU3T = O.

RETURN

END

SUBROUTINEGECOFF(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)

X = (XA + XB)/2.

F(1,ID) = -1./X

F(2,ID) = 1./X**%2

DOLJ = 3,6

F(J,ID) = O.

RETURN

END

SUBROUTINE GECOFG(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)

X = (XA + XB)/2.

Do 13 = 1,6
G(J,ID) = 0.
RETURN

END
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SUBROUTINEGECOFH(ID, XA, XB)
COMMON U(9,300), Y(12,12), wW(9,9), F(6,3), G(6,3), H(6,3)
X = (XA + XB)/2.

DO 1J = 1,6
1 H(J,ID) = O.
RETURN
END

Problem 2 - Cylindrical Dilatation (Plane Strain) [3]: See Figure 10.

Governing Equation: 23% - ~l—-§32 = l—-u -1 du =
& *4 : or Cd2 at2 r2 r 9r °? u=u
. A . Au
Generalized Stress: o,=7 u + (A+2G) Py
. . Buy ., -1/2  dw, -1/2
Discontinuities: [Br] =k'r ; [at] = -k ey T
1
v/ O . ..
where k r, A+2G[0r] r =1 if oL boundary condition
o
1 Ju ou
v 1, Jou .. dUu P
k Vro (Cd) [Bt] rer if 5t boundary condition

Problem Package:

SUBROUTINEJUMP I(X, DU1X, DULT, DU2X, DU2T)
DUIX = k' /X** (.5)
DUIT = -DUIX * c

B
DU2X = 0.
DU2T = O.
RETURN
END
SUBROUTINEJUMPII (X, DU3X, DU3T)
DU3X = 0.
DU3T = 0.
RETURN
END



SUBROUTINEGECOFF (ID, XA, XB)

COMMON U(9,300), Y(12, 12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) - 1./X

F(2,ID) = 1./X*%*2
DO 1 J=3,6

1 F(J,ID) = O.
RETURN
END

SUBROUTINEGECOFG (ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X =&a + XB)/2.
DO 1 J=1,6
1 G(J,ID) = 0.
RETURN
ouE ( XA, XB)
UBROUT INEGECOFH(ID, XA,
EOMMON v(9,300), Y(12,12), W(9,9), F(6,3), G(6,3), H(6,3)
X = (XA + XB)/2.
Do 1 J=1,6
1 H(J,ID) = O.
RETURN
END

Problem 3 - Spherical Dilatation [3]: See Figure 11

2%u 1 3%u _ 2 2 3u .
8r2 " ¢ 7 92 2% T o

Generalized Stress: ¢ = %ﬁ u + (A+2G) g—lrl

Governing Equation:

r

-1

Ju -1 Ju
3 - r

. e -
Discontinuities: [—-—-ar k' r H [alt
o
] = . . .
where k T [or] r=rx, if o, boundary condition

]==-k' ¢4

(]

r
v _ _ .9 |3u .. du s
k P [_at] r=r if Yy boundary condition

[=¥




Problem Package:

SUBROUTINEJUMPI (X, DU1X, DULT, DU2X, DU2T)

DUlX = k'/X
DULT = -DULX *C,
DU2X = 0.

DU2T = 0.

RETURN

END
SUBROUTINEJUMPII(X, DU3X, DU3T)
DU3X = 0.

DU3T = O.

RETURN

END

SUBROUTINEGECOFF (ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) = -2./X
F(2,ID) = 2./X*%2
DO1J=3,6

1 F(J,ID) = O.
RETURN
END

SUBROUT INEGECOFG(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)

e\ I

X = (XA + XB)/2.

DO1J=1,6
1 G6(J,ID) = 0.

RETURN

END

SUBROUTINEGECOFH (ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6.3), H(6,3)

X = (XA + XB)/2.

DO1J =1,
1 H(@J, ID) =

RETURN

END

6
0.
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Problem 4 ~ Shear (Rotary) [4]: See Figure 12.

. . 3%y 1 3%v 1 1 9y
Governing Equation: 5;5 - Z_i EEE-= ;E'V - ;—5; HIAAE I )
Generalized Stress: T = - g-v + G kA
ro r or
Discontinuities: [31] = k' -i/2 [gl]=-k' c r_l/z
or ’ ot e
v _ o 1 . ..
where k' = G Tré = if Tro boundary condition
/;; 9 ° 9
v _ _ _o (3w .o OV .
k . [Bt N if 5t boundary condition

Problem Package:

SUBROUTINEJUMPI (X, DU1X, DU1T, DU2X, DU2T)

DU1X = k'/X**(.5)
DUIT = - DUIX * c_
DU2X = 0.

DU2T = O.

RETURN

END
SUBROUTINEJUMPII (X,DU3X, DU3T)
DU3X = 0.

DU3T = 0.

RETURN

END

SUBROUTINEGECOFF (ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) = -1./X

F(2,ID) = 1./X*%2

DO 1J = 3,6
1 F{J,ID) = 0.

RETURN

END

SUBROUTINEGECOFG(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X = (XA + XB)/2.

D01J=1,6
1 G(J,ID) = 0.

RETURN

END

B-6




SUBROUTINEGECOFH(ID, XA, XB)

COMMON U(9,300), Y(12, 12), W(9,9), F(6,3), G(6,3), H(6,3)

X = (XA + XB)/2.

D0O1J-=1,
1 H(J, ID) =

RETURN

END

6
0.

Problem 5 - Shear (Longitudinal) [5]: See Figure 13.

2 2
Governing Equation: dw 1 3 = - 1 3w
r or

3r2 " ¢ 2 ot2 W=
. ow
Generalized Stress: T = G—
zr ar
Discontinuities: [EE] = k' r—I/2 s [éﬂl =-%k'e¢c r_l/2
ar ’ ot e
1
where k' = Vro 3 Eé& =1 if 1 r boundary condition
()
k' = 1 ow ow s
= - Vro (E—O 3elr =1 if 5t boundary condition
e o

Problem Package:

SUBROUTINEJUMPI (X, DU1X, DULT, DU2X, DU2T)
DUIX = k /X** (.5)
DULT = -DUIX * c_

DU2X = 0.

DU2T = O.

RETURN

END

SUBROUTINEJUMPII(X, DU3X, DU3T)
DU3X = 0.

DU3T = O.

RETURN

END

SUBROUTINEGECOFF (ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) = -1./X

D01 J = 2,6
1 F(J,ID) = 0.

RETURN

END
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Governing Equations:

SUBROUTINEGECOFG(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X = (XA + XB)/2.

DO1J=1,6
¢(@J,ID) = 0.
RETURN

END

SUBROUTINEGECOFH(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3), H(6,3)
X = (XA + XB)/2.

DO1J =1,6
H(J,ID) = 0.
RETURN
END
Problem 6 - Beam (Timoshenko) [6]: See Figure 14,

p2y 1 2%y _AGKE, AGKE DY o,
x> " ¢ 2 3t2  EI EI ox ’ 1

b

32 1 32

3%y 1 3%y _ 3y
3x2 cSZ 3t2 9%

Generalized Stresses: M = - EIL %% 3 Y = ug
- 3y _
Q= 12a¢ X - p)
. PRI ai_v. ﬂ=_'
Discontinuities: [Bx =k ; [8t] k cy
.3_1=ll. §l=_n
53] = k' 5¢] k" e
where k' = —[%% ¥ = X,  if M boundary condition
k' = - L [%%J % = x if %% boundary condition
“b o
k" = %%%g =% if Q boundary condition
k" = - %— [%%] % = x if %%— boundary condition
s o
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Problem Package:

SUBROUTINEJUMPI (X, DU1X, DUlT, DU2X, DU2T)

DUIX = k'

DUIT = -DUIX * c
DU2X = 0. -
DU2T = 0.

RETURN

END
SUBROUTINEJUMPII(X, DU3X, DU3T)
DU3X = k"

DU3T = -DU3X * c_
RETURN -
END

SUBROUTINEGECOFF (ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) = O.
F(2,ID) = AGk2/EL
F(3,ID) = 0.
F(4,ID) = 0.
F(5,ID) = - AGkZ?/EI
F(6,ID) = 0.

RETURN

END

SUBROUTINEGECOFG (ID, XA, XB)
COMMON U(9,300), Y(12,12), W{9,9), F(6,3), G(6,3)

pol1J=1,6
1 G6(@J,ID) = 0.

RETURN

END

SUBROUTINEGECOFH(ID, XA, XB)

COMMON U(9,300), Y(12,12), wW(9,9), F(6,3), G(6,3), H(6,3)

X = (XA + XB)/2.

H(1, ID)

DO1J =
1 H(J, ID)

RETURN

END

el

1.
»6
0.
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Governing Equations:

0% 1 2% x o -
ax2 ¢ 2 3t? 9%
s
awx
Generalized Stresses: Mx =D *5;

Problem 7 - Plate (Plane) (Mindlin) [7]: See F%gure 15.

8%, 1 ¥V naw? o 4+ hOK? 30

3w
Q = kth(wx + 53

X
Y 3
X PO S < I
Discontinuities: [3;—1 = k' 3 [at = k' cp
ow _ . éi = - "
el =K' 5 [l = - K e
where k' = %[rg} % = if Mx boundary condition
o
QY oy
- -l |= if —% dition
k' = - = [at J X = x if 3¢ boundary con
P o
1 [Q] td
k" = he L¥) « = x_ if Q, boundary condition
1 |aw -
K= - c [??] X = X if %ﬂ boundary condition
s o t

Problem Package:

SUBROUTINEJUMPI (X, DU1X, DUIT, DU2X, DU2T)
DUIX = k'
DUIT = -DUIX * ¢

-]

DU2X = 0.

DU2T = 0.

RETURN

END

SUBROUTINEJUMPII (X, DU3X, DU3T)
DU3X = k"

DUST = -DU3X * c_

RETURN

END

SUBROUTINEGECOFF(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,1D)= 0.
F(2,ID) = hGk2/D
F(3:ID) = 0.
F(4,ID) = 0.
F(5,ID) = hGk?/D
F(6,ID) = 0.
RETURN

END

B-10
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SUBROUTINEGECOFG(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)

DO1J=1,6
1 G(J, ID) = O.
RETURN
END
SUBROUTINEGECOFH(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3), H(6,3)
= (XA + XB)/Z.
H(l ID) =
D0O1J= 2, 6
1 H({J, ID) = 0.
RETURN
END
Plate (Cylind?ica]) (Chou and Koenig) [8]: See Figure 16.
- fons: 220 _ 1 3% _ 13 1 , k¥%h e o
Governing Equations: 32 sz 32 = 5r [r2 + D 1o 5 ¢ = uy
k’Gh 3w
+ D ar
3% 1 3%w_ 3¢ _ 1 10w
ar? ~ csz t2 5r ¥ T % r W EY,
. Dv 3
Generalized Stresses: M_ = = ¢ +
r r or
- 12 aw.
Qr k“Gh(¢ + ar)
§ 29 ' 1/2..3_@__._v -1/2
Discontinuities: [Br] k 3 [8t] k 5
_BE - " "1/2 . B_W AL —1/2
el =K' x tys kT eg
where o
k' = —Q[M]
D tJr=rx, if Mr boundary condition
/r_
v -0 |3¢ ¢ 3% ‘s
k o [Bt] F=r if ot boundary condition
p
k" = /;;- E%g% Yo if Q boundary condition
K" =/r /c ow if & boundary condition
ot =T a9t
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Problem Package:

SUBROUTINEJUMPI (X, DU1X, DU1T, DU2X, DU2T)

DUIX = k' /X ** (.5)
DULT = -DUIX * ¢

-]
DU2X = 0.
DU2T = 0.
RETURN
END

SUBROUTINEJUMPII (X, DU3X, DU3T)
DU3X = k" /X ** (.5)
DU3T = -DU3X * c_

RETURN

END

SUBROUTINEGECOFF(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) = -1./X

F(2, ID) = 1./X *% 2 + k22Gh/D
F(3, ID) = 0. e
F(4, ID) = O.

F(5, ID) = k,%Gh/D

F(6, ID) = O.

RETURN

END

SUBROUTINEGECOFG (ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X = (XA + XB)/2.

pol1J=1,
G(J, ID) =
RETURN

END
SUBROUTINEGECOFH(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3),
X = (XA + XB) /2.

H(1, ID) = -1.

H(2, ID) = -1./X

H(3, ID) = O.

H(4, ID) = O.

H(5, ID) = -1./X

H(6, ID) = O.

RETURN

END

6
0.
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Problem 9 - Bar (Mindlin and Herrmann) [9] : See Figure 17

Governing Equations: QEE._ 1 QEE -2 ; w=u
%2 cd2 a2 ap Cd2 Ix ’ 1
2 2
2a 1 22 P gy BKTMO
8x2 ~ ¢ 23t2 ~ aG K2 9x = afG k2 UM T
g 2
Generalized Stresses: PX = a\u + & (A;ZG %%
q = k%a%G ju
4 X
Discontinuities: [AE] = k' ; [33 = k' ¢
X > tat d
a_u= "o, a_u___n
[Bx] KT [at = -k s
where
z[bx] e
L I ... . . .
k' = 22 (L £20) o if P_ boundary condition

Problem Package:

%%- boundary condition

o
I
!
D|H
[a 9
Q2>
£t
| S
o
il
]
o]
el
o

if Q boundary condition

3
k" = - [}——] X = x if %% boundary condition
o

SUBROUTINEJUMPI (X, DU1X, DU1T, DU2X, DU2T)

DUIX = k'

DUIT = -DUIX * c,
DU2X = 0.

DU2T = O.

RETURN

END
SUBROUTINEJUMPII(X, DU3X, DU3T)
DU3X = k"

DU3T = -DU3XK * c_
RETURN

END

SUBROUTINEGECOFF (ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

DO 1J=1,4

F(J, ID) = O.
F(5,ID)= - 2\/apc?

F(6,ID) = 0.
RETURN
END
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SUBROUTINEGECOFG(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X = (XA + XB)/2.

DO1J=1,6
1 G(J, ID) = 0.

RETURN

END

SUBROUTINEGECOFH(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3), H(6,3)
X = (XA + XB)/2.

H(1, ID) = 4)K;?/aGk?
DO1J=2,5
1 H(J, ID) = O.
H(6, ID) = 8K,2(A+G)/a%Gk?

RETURN
END

Problem 10 - Sheet (Plane) (Kane and Mindlin) [10]. See Figure 18.
v

32y 32y
. . X 1 X KA z
Governing Equations: —%-7 - T"7%377 = ~%p .2 ox
d d
2 2 3
2V o1 Ve 3k Vxo 3 fa)?
ax2 (:e2 9tZ = hG 9x h Ce
v

X
2KA v+ 2h(A+2G) Eyoa

Generalized Stresses: NX

_ 2.2, _ 2
R, =5 0% 33

B-1k4

v

Z

b

s vV

2

Uy



. . P . —_—] = ' —=] = k!
Discontinuities: [ax 1=k" ; [at ] k 4
sz sz
—2Z7 - . —Z37 _ _n
[Bx k ’ [Bt k e
where {&X] .=
k' = Th(r+20C) o if N_ boundary condition

—

k'

v
1 ) x v
c ot X =X if —% boundary condition

e o Bt
k =

2h2G o if RX boundary condition
1 ov ov
k' = - =—|=% if —=2 boundary condition
Co at X=X ot

Problem Package:

SUBROUTINEJUMPI(X, DU1X, DUIT, DU2X, DU2T)

DUIX = k'

DUIT = -DUIX * c,
DU2X = 0,

DU2T = 0.

RETURN

END
SUBROUTINEJUMPIT (X,DU3X, DU3T)
DU3X = k"

DUST - - DU3X * c_
RETURN

END

SUBROUTINEGECOFF(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA 4+ XB)/2.

DO1J =1,4

F(J,ID) = O.

F(5,ID) = - Kx/hpcd2
F(6,ID) = 0.

RETURN

END

SUBROUTINEGECOFG (ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X = (XA + XB)/2.

DO1J=1,6
G(J,ID) = 0.
RETURN

END
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SUBROUTINEGECOFH(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6
X = (XA + XB)/2. (6,3), G(6,3), H(6,3)

H(1, ID) 3AK/hG

DO1J=2,5

1 H(J, ID) = 0.
H(6, ID) = 3K2(c,/c )2/h?
d’ e
RETURN
END

Problem 11 - Sheet (Cylindrical) (Jahsman) [11]: See Figure 19.
32y 1 3%u

1 3u VK, Ay
: : Lootuw X o u v =22 e 5 u=u
Governing Equations: 32 c 7 512 - 17 . Ty or 5 1
§E¥._ _l_.331.= Eﬁ%li___ u + EﬁElX_. du y=u
ar2 " c 2 0t? h(1-2v)r h(1-2v) 3r 3
2(1-
i L 5
h2 (1-2v) r 9t
. hA Ju
Generalized Stresses: N_=—u+ KX y + h(A+2G) —
T r 1 ar
g -Gh? 2y
rz 12 ar
Discontinuities: [Qg] = k' r—l/2 ; [égﬂ = -k' ¢ -1z
: or > At d

3Y1 - pm =1/2 | 3y _ _yn -1/2
[Br] kor [at] k Ce *

where = 1
|- S S . v
k' = T, R(w20) [Nr] r=r if Nr boundary condition
k'= - Vr (l_)[%g] if du boundary condition
o ¢ ot r=71r., t
d o
k" = vVr L2 S
o Gh? rz] r=r if Srz boundary condition
TR a2 S :)'A .o 3y e
k r, (Ce) Bt} r=r, if ot boundary condition
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Problem Package:

SUBROUTINEJUMPI(X, DUlX, DUIT, DU2X, DU2T)

DUIX = k' /X **(.5)
DUIT = -DUIX * c
DU2X = 0. o
DU2T = 0.

RETURN

END
SUBROUTINEJUMPII (X, DU3X, DU3T)
DU3X = k" /X** (.5)
DUST = - DU3X * c_
RETURN -
END

SUBROUTINEGECOFF (ID, XA, XB)
COMMON U(9,300), Y(12, 12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1, ID) = -1./X

F(2, ID) = 1./X #%2
F(3, ID) = 0.

F(4, ID) = 0.

F(5, ID) = VK;/h(1-v)
F(6, ID) = 0.

RETURN

END

SUBROUTINEGECOFG (ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)

X = (XA + XB)/2.

DO'1J =1,
1 6(J, ID) =

RETURN

END

SUBROUTINEGECOFH(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3), H(6,3)

X = (XA + XB)/2.

6
0.

H(1, ID) = 24K1v/h(1—2v)

H(2, ID) = 24K v/h(1-2v) /X
H(3, ID) = 0.

H(4, ID) = 0.

H(5, ID) = -1./X

H(6, ID) = 24K, 2(1-v)/h2(1-2v)
RETURN

END
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Problem 12 - Cylindrical shell (axially symmetric); gee Figure 20

U = u, u, =19, u; =W, ¢ = cp » = cg
Governing Equations: EE;_ - L 232- =-2 dw
& =4 : X cp2 at2 R 9x
%y 1 3% _ _g , my/ROw
Ix2 c 2 at2 RnF, Rn F, X
P
2w 1 32w v_ du g, vy
3x2 CSZ at2 Rg 9x gR Ix
(1 + n/R)
+ 2
Reg
Ju hE v
Generalized Stresses: N = hE e Py
b4 P X R
- W D v
Mx = D(1-n) 5% Vi
3
Q = k%Gh ¥ + K%Gh 5%
. cuities: 291 = e — 277 du, _ u
Discontinuities: [Bx] = K Cp [8t] = - cp [BX]
AV, _ v,
[3x]_[3t]_0
au res 1/2 9w, _ oW
[Gx] = K'''e el = - s 53!
1/2
where: K' = —P— [N ] if N_ boundary condition
hE X'X = ¥ X
P o
- (u] if & boundary condition
1/2 X = X at
c o
P
1/2
g /
LI B . . .
K X2Gh (al, _ x if Q boundary condition
K''' = - 1 [w] if & boundary condition
VL x = x_ 3t
s
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PREtten Package :

SUBRAUTTNE AUHP T OGEULXGDULT 4 BU2X 4 EL2ZT)
Mjpx=Kr/C ~

nm-—m%"r‘

DI'ZX N, -2

nu2T=0,

RETURN

END

SUSROUTINE JUMP T (X,0U3X,DU3T)

U3X= K"'/cl

DU3T— “cs-
TTURN -
FNT)

SUBROUTINE GECCFF (IL,XA,XB)

COMMON ULS9200),Y112412) 4 WIS29),FLE,3)
X={XA+XB) /2.

DO 1 J=l,4

F(J,IP1=C,

F(5,10)== V/R

Fla,10)=0,

RETURN

END

SURROUTINE CGECCFG (TC,X2,XR)

COMMON UL1S,200) ,Y(12,12),W(S,5),F(£,3),C(6,3)
"(XA+‘(B)/7.

"(111') Oc

6(2,ID)=C.

G(2,ID)=0,

G(4,1I0)= g_'/_R n F2

;(5.1ﬁ)»—§§‘17{37k)/R n F2
G((JOIQ)':‘ »

RETURN
eEND
SUBRNUTINE GECCFF (IC,XAyXB)

COMMON U(S,200)4Y(12,12),W(S4S),Fl6+23),C{6,3),H{6,2

X= (XA+‘(B)/?.
H{1,ID)=v/R g
H{2,I0)¥=0,
H{3,I0)=- (1 + Av/gR)
H(a,ID) ’?

H{5,ID)= .’). N
H(6,10)= (1 + 4/R)/R%g
RETURN

ERD
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Problem 13 Conical Shell:

U = u, u, = P, u, =

Governing Equations:

Generalized Stresses:

W,

See Figure 21

e, = cp, e, = ¢
3%2u 1 3%2u _ _ 1 3u _ hPcot’s 3 _
9s? cp2 ot2 s 3ds 12 s ds s
32 1 3%y h%cot?
T b {Wfsz A+5az )+
P 12 s2
1 vh2cot?a. dw
" hi‘(l _ h2cot2u) (8 + 735 sz ) s
12 12 s2
32w 1 3%w _ 1 v cota 3du -+ hveot? a)
982 cs2 3t2 s g 3s 12 gs?
1 cot“a hZcot?a
2 g Ut
1 E h3cota
NS = Ep vh(;)u + —EEE————-(SZ)(l -v) ¥ + Ep vh
+Eh
p 9s
E h3veota E h3vcota 5
M =~ =)u + _E“‘”’”——'(l—ﬂ (h cotg,
s 12 2 12 s2 12s
E h3vcot2a 1 E h3cota 1
i 7 .
- 13 (sz)w + 13 (g)(s tano -
Q=k2th+k2Gh§—Z
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Vv cota dw

Q.

]} v

aw

1
cota (s) w

+ s tano)y

hzcota)
12s

3y
ds



Discontinuities:

Kl

X' =

K'' =

K"'

KV!'

~1/2 -
[_a_u =K' / + K" 3/2
ds
Ju Ju
[at a _Cp [Bs]
[gyi _ 24 K'' tang -~1/2
3s h2 s
L L ]
[Bt] Cp [Bs
éﬂ = e -1/2 -1/2
[as] =K s s
ow W
[Bt] T % [as
o1/2 & 9 5y
h [Ns]s =s_ 2(s_tana - hzcota)}’ if N and Ms are
D o o s boundary conditions
o
g 1/2 )
O h H .
c % 24tana [w]s =g [u]s =g } , if gg'and élare
P o o o ot at
boundary conditions
3/2
ER / [Ms]s = s
> Eh (So tano - hicota) , if MS is boundary condition
P 12s
o
1/2
h ER / .
T 24 cp tano [w]s =s, , if g%—is boundary condition
CS1/2501/2
5 [Q] _ » if Q is boundary condition
K<Gh s s,
1/2
o . Lo OW s
- E__Tré[wls - s , if ot 18 boundary condition
s o
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PROBLEM PACKAGE:

SUBROUTINE JUMPI (X, DU1X, DULT, DU2X, DU2T)
DUIX = K'/X#**.5 + K''/X**1.5
DUIT = -DULX* c

P
DU2X = 24K'' tan a/h? /X** 5
DU2T = -DU2X* ¢
RETURN 2
END
SUBROUTINE JUMPII (X, DU3X, DU3T)

-1/2
DU3X = K'"'"' ¢ / [X*%.5
DU3T -DU3X* g

RETURN

END

SUBROUTINE GECOFF(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3)
X = (XA + XB)/2.

F(1,ID) = -1./X

F(3,ID) = -h2cot?a/12 /X

F(5,ID) = -vcota /X

DOlI = 2,6,2
F(I,ID) = O.
RETURN

END

SUBROUTINE GECOFG (ID,XA,XB)

COMMON U(9,300), Y(12,12), wW(9,9), F(6,3), G(6,3)
X (XA + XB)/2.

Q 1./(1. - h2cot2a/12 /X*%2)

Z = h2cot2nq/3 /X**2

DO1I = 1,3

G(1,1D)
G(4,1ID)

0.
Q *((1.42) /X**2 + 12g/h?)

12/h% % Q* (g + v/4 * Z)
0.

G(5,1ID)
G(6,1ID)
RETURN
END
SUBROUTINE GECOFH(ID, XA, XB)

COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3), H(6,3)
X = (XA + XB)/2.

H(1,ID) = vecot a/g /X

H(2,1ID) = O.

H(3,ID) = -1. - h% vecot? o/l2g /X**2

H(4,ID) = O.

H(5,ID) = O. :

H(6,ID) = cot? a/g * (1. + hZcot?a/12 /X**2) [X**2
RETURN

END
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APPENDIX C: PREWRITTEN BOUNDARY CONDITION PACKAGES

This appendix consists of several packages, each of which includes a
subroutine for the specification of a particular function of time along the
boundary. Notice that the "Boundary Conditions Time Functions Subroutine"
actually consists of three'SUBROUTINES'in the programming sense. For each of
these, the user should substitute a boundary condition package; the first to
specify b,, the second to specify b,, and the third to specify bj. Thus, a
complete specification of the Boundary Conditions Time Functions Subroutine
consists of three boundary condition packages. Each of the following packages
defines a variable Fi. The user should substitute either 1, 2, or 3 for i,

depending upon whether the package is being used to specify bl, b or b3

X
respectively. 1In some of the packages, it is necessary for the user to fill
in constants to exactly specify the time function. Such constants are defined
prior to each package, and as in the problem packages, are underlined within
the packages themselves.

In these packages, the magnitude of the function is assumed to be unity.
If a magnitude other than unity is desired, merely multiply the righthand
side of the Fi statement by the desired value. For example, if the user has a
boundary condition involving the sine with amplitude 10.0, then his Fi statement

in the Sinusoidal package should read

Fi = 10. * SIN(ANGLE)

Cc-1



Boundary Condition 1: Step:
b a

i

v

©

+9

Figure Cl: Step boundary condition

SUBROUTINEBCTFi (T, Fi)
Fi = 1.

RETURN

END

Boundary Condition 2: Ramp:

b

v

q,‘_‘ kr'rae"%
Figure C2: Ramp boundary condition

SUBROUTINEBCTFi(T, F i)
IF (T - trise) 1, 1,2
1 Fi=1T/t .
- rise
GOT 03
2 Fi=1.

3 RETURN
END
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Boundary Condition 3: Sinusoidal:

D'_"'_;“'£P“~ _ }% ‘fit
-14

Figure C3: Sinusoidal boundary condition

SUBROUTINEBCTFi (T, F i)

BOP = T/tgeriod

N = BOP

ZN = N

ANGLE = (BOP - ZN) * 6.2831853
Fi = SIN(ANGLE)

RETURN END

Boundary Condition 4: Exponential:

PR

— Y

Figure C4: Exponential boundary condition

SUBROUTINEBCTFL (T, F 1)
RAISE = +.69315/t

half
FLi = EXP(RAISE)
RETURN
END

Boundary Condition 5: Zero:

SUBROUTINEBCTFi (T, Fi)
Fi = 0.

RETURN

END




APPENDIX D:

INSTRUCTIONS FOR WRITING PRINTOUT SUBROUTINE AND USER
SPECIFIED STRUCTURE AND BOUNDARY CONDITION PACKAGES

This appendix includes the instructions for writing each of the necessary

subroutines for a structure or boundary condition not included in the pre-

written packages. To use MCDIT 21, for problems not prewritten, the following

conditions on the user's structure must be remembered.

1.

2.

3.

The governing differential equations of the structure must
be in the form of equations (II-1), (II-2), or (II-3).
The program treats semi-infinite regions only.

The initial conditions utilized by the program are zero.

In the discussion of Sections II, IIT, and IV, a system of three equations

(n = 3) corresponding to equations (II-3) was considered. The utilization of

MCDIT 21 for problems governed by equations of the form of equations (II-1) or

(I1-2) is straightforward, as is now discussed.

n=1 structure—-equation (II-1)

User sets fj...fg, g;...85, and hy...hg all equal
to zero.
User specifies u, = u, = 0 along the boundary or

2 3

all t) as two of the three boundary conditions.

User specifies ¢, = ¢, = wave speed in n = 1 problem.
Solution will include the desired solution for u,

and its derivatives, as well as the trivial solutions

for u,, u, and their derivatives.

n = 2 structure-equations (I11-2)

User sets f3, fq, h3, hq, and B+ Bgo all equal to zero.

User specifies u, = 0 along the boundary (for all t)

as one of the three boundary conditions.



User specifies ¢) = leading wave speed and ¢, = second
wave speed in n = 2 problem.

Solution will include the desired solution for u,, u,, and

their derivatives, as well as the trivial solutions for u,

and its derivatives.

In the subroutine description which follows, notice that most of the

subroutines actually specify more than one '"SUBROUTINE" in the programming

sense.

However, this is of no concern in the conceptual view of the program.

The quantities shown below on the left are represented by the corresponding

FORTRAN variables on the right.

jump in

number of ixdt = - 1 lines already evaluated - XLI
1
x at the point being evaluated - X
t tt n 1" 1" - T
ulll 1" 1A " — U].
u2|l " 1" " - U2
u3" " 1" " - U3
8u1
5;{— 1" " " - UlX
aul 1" " "
Fye - UlT
du
BXZ " 1" " _ UZX
du
_g_t_‘_z_ 1" 1" " - 2T
auS 1" " "
Py - U3X
du
at3 " " " - U3T
Bul
e along first discontinuity line - DUIX
aul " " " "
Fya ~ DULIT
au " 1" " "
—2 - DUX
99X
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X
a

RS T ST DU
FPOLLOWINE &arc

Y along first discontinuity line - DU2T

ou

— along second " " - DU3X

9x

8u3

— " 1" 1" 1" _

Py DU3T

and Xy for averaging governing equation

coefficients between two points - XA and XB

S S - F(1,ID)...F(6,ID)
RS- - G(1,ID)...G(6,ID)
..h6 - H(1,ID)...H(6,ID)
, b2, and b3 - Fl, F2, and F3

riptions of the content of each of the user specified

subroutines (Use Appendices B and C as examples):

A. Subroutines replacing Common Structure Package

1.

Discontinuity Value Specification Subroutine

a. a fortran statement: SUBROUTINE JUMP I (X, DU1X, DUIT, DU2X, DU2T)
b. a series of fortran statements which, at its conclusion has
defined DU1X, DUIT, DU2X, and DU2T in terms of X.
c. the fortran statements: RETURN
END v
SUBROUTINE JUMP II (X, DU3X, DU3T)
d. a series of fortran statements which, at its conclusion, has

defined DU3X and DU3T in terms of X.

e. the fortran statements: RETURN
END

Governing Equation Coefficient Values Subroutine

a. the fortran statements: SUBROUTINE GECOFF (ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3)

X = (XA + XB)/2.
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b.

a series of fortran statements which, at its conclusion, has
defined F(1,ID), F(2,ID), F(3,ID), F(4,ID), F(5,ID), and F(6,ID)
in terms of X.
the fortran statements: RETURN
END
SUBROUTINEGECOFG(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3), G(6,3)
X = (XA + XB)/2.
a series of fortran statements which, at its conclusion, has
defined G(1,ID), G(2,ID), G(3,ID), G(4,ID), G(5,ID), and G{(6,ID)

in terms of X.

the fortran statements: RETURN
END
SUBROUTINE GECOFH(ID, XA, XB)
COMMON U(9,300), Y(12,12), W(9,9), F(6,3),
G(6,3), H(6,3)
X = (XA + XB)/2.

a series of fortran statements which, at its conclusion, has
defined H(1,ID), H(2,ID), H(3,ID), H(4,ID), H(5,1D), and H(6,ID)
in terms of X.

the fortran statements: RETURN
END

Subroutine Replacing Boundary Condition Packages

a.

b.

a fortran statement: SUBROUTINE BCTF1(T,Fl)
a series of fortran statements, which, at its conclusion, has
defined Fl in terms of T.
the fortran statements: RETURN
END
SUBROUTINE BCTF2(T,F2)

a series of fortran statements, which, at its conclusion, has

defined F2 in terms of T.
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e. the fortran statements: RETURN
END
SUBROTUINE BCTF3(T,F3)
f. a series of fortran statements, which, at its conclusion, has

defined F3 in terms of T.

g. the fortran statements: RETURN
END

Printout Quantities Specification Subroutine
a. the fortran statement: SUBROUTINEPRINTO(X, T, Ul, UlX, UlT, U2,
u2x, v2T, U3, U3X, U3T, XLI)
b. a series of fortran statements defining quantities (involving
or functions of the 12 variables enclosed in parenthesis of
part a.) to be printed out at a particular point.
For example, if the user desires to print out the values of
dx

x, t, and 8u3/3x for all points on the first 20 Tl 1 lines,
1

the subroutine should include the following statements:
3 FORMAT (1H, 4HX = , E15.8, 2X, 4HT = , E15.8, 2X, 6HU3X = , E15.8)
IF(XLI - 20.) 1, 2, 2

1 PRINT 3, X, T, U3X
2 CONTINUE

If the user desires to print out quantities only at specific
predetermined points an appropriate IF statement must be used as
illustrated below. In this case, care must be taken since the
computer may only carry 4 or 5 significant figures in a floating
point representation of X or T. For example, if printout is desired
at all points along the line X = .5, and the computed values of X are
carried as X = .4999, an ordinary IF statement will not cause printout.
In order to avoid this situation the user should use the following

technique:
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Define in the subroutine a number TOL = %% and have the computer
test to determine if the absolute value of the difference between the
computer value and the stipulated printout value of X or T is less than
TOL.

The following example illustrates this printout technique. The
quantity

S = (.2) u * (.3) 3u2/8t
is to be printed out, together with t, at all points along X (spatial
coordinate) = .5 and 1.0. Assume the mesh size to be Ax = .0l. The
printout quantities specification subroutine is as follows:

SUBROUTINEPRINTO(X,T,Ul,UlX,UlT,UZ,U2X,U2T,U3,U3X,U3T,XLI)
1 FORMAT (1H, 4HX = ,E15.8,2X,4HT = ,E15.8,2X,4HS = ,E15.8)
TOL=+0.1E~02
IF (ABS(X-.5)-TOL)2,2,3
3 IF (ABS(X-1.)-TOL)2,2,4
2 5=(.2)*Ul+(.3)*U2T
PRINT 1,X,T,S
4 RETURN

END

Another example of this subroutine is included in Appendix F.




_——

APPENDIX E: CHARACTERISTIC AND CONTINUITY EQUATIONS

The charac¢teristic equations used for calculating the variables
Bu1 Bul 3u2 8u2 Bu3 . du _— o
> Uys B5x 0 3E ¢ Y3e B 0 @ 3¢ oY the method of

Y1° 3% * Bt

Ju du
. . l — a .
characteristics are as follows (where e - ul,x > 35 - ul,t’ ate.):
d(ul,t) - Cld(ul,x) + cl[f1 ul,x + f2 u, + f3 U x + fuu2 + f5 U3y + f6 ugldx
=0 (E—l)
dx
Along Cldt =+ 1
d(ul’t) + Cld(ul,x) - cl[fl Uy + £, u, + £, Uy x + £, u+ £ Usix + f6 us]dx
=0 (E-2)
Along dx‘. = -1
¢ dt
d(u%t) I cld(uz’x) + ¢, lg, Uix + g, uy + gy Uy« +g,u,t gg LT + g, u3]dx
= 0 (E_3)
dx .
Along = + 1, respectively
cldt -
- d
d(u3’t) i czd(us,x) icz[h1 Uy +h, u +h, Uy x +h, u, + h, uy + h, u3] b4
=0 (E-4)
c
dx 2 .
Along cldt =+ e, , respectively
The continuity equations used for the calculations are
du, = u, dx + u. dt i=1, 2, 3
i ix i, t
along any direction. (E-5)

The derivation of these equations along with the finite difference form

of these equations used in the numerical computations may be found in Refs. 1 or 2.
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APPENDTX F: CONICAL SHELL EXAMPLE

Consider a conical shell problem with the governing equations given
under Problem Package 13 in Appendix B, and the following numerical values
of the constants used in that problem.

o =45°; h=0.1; v=1/3; kK2 = .87; c_=1; e, = .53851646; s, = 1.4142351

P
The boundary conditions to be specified are:

%% =0, t<O0 3 %% = cosa , t >0
g—‘£-=o, all t s = s,
%%=0’t<0 ;g—%=~sincx,t>0_

[ which is equivalent to a conical shell impacted at one end by a flat plate
with a constant axial velocity of one.

It is desired to run this problem at a mesh size of Ax = .01 for Mo = 200
points and to print out the values of s,t,u, fu du s Uy W s Y s W, EL , and

9s ’ 3t ds ot 3s
oW

St for all points along the first 6 lines. Also, we want to print out the

values of s,t, %%', %%-, E% s %% and E%—- only at points along the lines
P p p
t=1and t = 2,

First, we see that for a conical shell we must use package 13 in Appendix
B. All that need be done by the user is to calculate the values of the under-
! lined coefficients in this package and then punch the entire package where the
numerical values just calculated are utilized for the respective underlined
coefficients.

We then note that the first and third boundary conditions are simply step
functions of time, and we can make use of the prewritten boundary condition
package 1 in Appendix C. The second boundary condition is a zero function of
time, prewritten as boundary condition 5 in Appendix C. We write the printout

/ . . .
subroutine, following the instructions given in Appendix D. Thus, the user

specified subroutines, as they are read into the computer, should appear as follows:




L

COMMON STRUCTURE PACKAGE

SURRNYT TNEJUMDT (X, CUL X, DUI T, DU2X ,DU2T)
DUT X==0,R40902965+00/X%*,5

M T==DH1 X

N2 X=0,

ny>T=0,

RETIHIRN

END

SURRNUTINE JIMOTT (X, DUIX,DUATY
DY =40, 156151765401/ X*%, 5
DU3T=-DU3X*(+0,5385]646E+00)
RETHRN

ENn

SUBROUTINEGECOFF({ID,XA,XB)

COMMON U{94300)4Y(12412)sW(9+9)+F1(6,3)
X={XA+XB) /2.

F(1,ID)=-1./X

F(2,1ID)=0.
F(3,ID)=-0.83333333E-03/X
F(4,1D)=0,
F(5,1D)==0.33333333E+00/X
F{6,1DV=0.

RETURN

END

SUBROUT INEGECOFG( 1D, XA XB
COMMON U(94300),Y(12,12),W(9,9),F(6,3)+G(643)
X=(XA+XB) /2.

DO1J=1,3

GlJ,1n)1=0. o

A=l.-(+0.83333333E-03)/X*%2
GlayID)=(1/A)*(1.40.33333333E-02/X¥%2) /(X*%2)+0.34800000E+03
G(5,ID)=(+0,29+40.277TTTT8E-03/X*%2)/ (+0.83333333E-03%A)
Gl6,1D)=0.

RETURN

END

SUBROUTINEGECOFH{ IDy XA, XB)

COMMON U(94300)3Y(12412) 4W{9,9) yFl6+3)5G(643)4H{6,3)
X=(XA+XB) /2.

H(14ID)=+1,14942529E+00/X

H(2,ID)=0. ,

H{3,ID)=~(1.40.95785000E-03/X%%2)

H(’GQ ID)=O;

H(5,1D)=0.
H(6,1D)=(+3.44827586)%(1,+0.83333333E-03/X*%2)/X¥%2
RETURN

END




n DN D

~ 0l o
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BOUNDARY CONDITION PACKAGES

SURRNUYTINFRCTFI(T,F1)
F1=40,70710&78E+D0
RETIRN

FND

SUBROUT INFEBCTF2({T,F2)
F2=0,

RETURN

END

SUBROUTINEBCTF3(T,F3)
F3=-0,70710678E+00
RETURN

END

PRINTOUT QUANTITIES SUBROUTINE SPECIFICATIONS

SURROUT INEPRINTOIX, T, U1 ,U1X,UlT,U2,U2X,U2T,U3,U3X,U3T,XLT)
FNRMAT(IH 44HS = 4F15,852Xy4HT = E15,8)

FORMAT(IH ,6HULIT = ,F1548,2X,6HU3T = ,F15,8)

FORMAT(IH 45HNS = 4F15.B42X,5HMS = 4F15,8,32X34H0 = ,E15,8,/7)
FORMAT(IH ,3{E15.8,2X),/)

FORMAT(1H L,4(F15,R,7X}Y)

TOL=4+0,1F-02

TFIXLT-5415,546

PRINT 4,X,T,UT,01IX

PRINT 4,U1T,U?,U2X,U2T

PRINT 3,U3,U3X,U7

IF{ABS(T-1,)-TNL)7,7,8

TREARS(T=2.)-TOLIT,7,9

PRINT J1,X,7

"PRINT 10,U1T,U3T

A=+0,32332333F+00/X
R=4+0,5555558KE 03/ X%*2

SNS=A%U1 +BX24+AXJ3+1J1 X
C=40,27T777778E-037/X**?2
ND=40,83332333F-03/X

SMS==-CHUT X (DX )R U2 -CXUR+D* (X=-D ) *U2X
0={+0429)*%(U2+U3X)

PRINT 7,SNS,SMS,0

RETURN

END




The input data cards, as defined on page 17, should appear as follows

for this particular problem:

+200+0.14142351E+01+0.10000000E-01+0.10000000E+01+0. 5385164 6E+00
+0.00000000E+00+0 . 00000000E+00+0 . 00000000E+00+0. 00000000E+00+0 . 00000000E+00
+0.00000000E+00+0.10000000E+01

+0, 00000000E+00+0 . 00000000E+00+0 . 00000000E+00+0 . 00000000E+00+0 . 00000000E+00
+0.00000000E+00+0. 10000000E+01

+0.00000000E+00+0. 00000000E+00+0 . 00000000E+00+0 . 00000000E+00+0 . 00000000E+00

+0.00000000E+00+0.10000000E+01

The output data obtained will then appear as follows: (The first two
pages include the preliminary printout and the values of quantities at points
along the first six lines. The third page is a sampling of the output of the
first fourteen points at t = 1.G6. The fourth page is a sampling of the output

of the first fourteen points at t = 2.0.




NUMBER OF POINTS ALONG LEADING WAVE =

200

XZERO = (0.14142351E 01 DELTAX = 0,99999979E-02
€1 = 0.10000G00E 01 €2 = 0.53851646E 0C
{ 0,0 ) *ULX+{ 0.0 1xYl+( 0.C YRU2X+
| 0.0 1 x2+( 0.0 YRU3X+( 0.0 ) *U3

+{ 0,10000000E 01)*U1lT = BOUNDARY CONDITION FUNCTION 1

{ Q.0 1% _Yxyl+t 0.0 ) RU2X+

t 0.0 V¥y2+( 0.0 )*¥U3x+( 0.0 ) *U3

+{ 0.10000000E 01}*U2T = BOUNDARY CONDITION FUNCTION 2
_ { 0.0 _Y*ULX+t 0.0 1*¥Ul+{ 0.0 ) *uyz2x+
{ 0.0 1*U2+( 0.0 )*U3X+{ 0.0 ) *U3

+( 0.100000G0F O1)*U3T

0.,14142351F 01
. 10 9F 00

0.0

De 14242344F 01

0. 70462034F 00
0.0

0.14142351F 01

0.0
0.0

0.13120846F 01
0,90999979£-02
0.0

0,19969996F-01

0. TOTTORTTE 00 0.0

~-0,14142126E-01

0.14342346F 01
V,TO7IBTASE OO
0.0

0.14242344F 0)
-0.80280453F-Q?

0.14142351F 01
0., TOTTOBTTE OO
-0.28283231E-0)

0e 14442348F 01

0, 69972432F 00
0.0

0.,13108006F 01

06 19999G946E~-01
0,0
N0

0, 29999994F-01
-De P4 RAGETTIF=0T
04,12164978F 01

0. 399900025 -01
U.j
0.12978601F O

0629G999904E-0]
0. ﬁ
D0

= BOUNDARY CONDITION FUNCTION 3

0.0
0.0
-0, 70710712% 00

[=Reotioe]
DD

Ne14142126F-0]
-0.31B970CLF 0}
-0, 70710677E 00

o}
o

i

[}
jo/

0,141097C8E-01]
~0e T034632C?2E 0O

0.28283231F-01
-0.,62935870F 01
~0s70710677E 00

oo

Pl
o0

D

-D.70710719F 0O
0.0

-0.,70462036E 00
‘j. 0

-0,70994049F 00
/(j. is

-0.7021593%E 0C

-0e70941812F 00

~0.71278167F 00
UeD

-0.69972432F 00
0.0




0. 1£342346F M
0470431387 OO0

0. X000 6602F 01
~0. 257711285 =01

0.14068176F-01
0. 27066164E 01

~0.70890429F 00
~0430912304F 01

~0s 10070844E-07

0130237108 01

~0,69254458F 00

De 147242344 01
0. T0RT088B6F OO

0.46709980E-01
~Ne 556497957 =0

0.28222829F-01
-0433116255¢ 01

=0,71220940E 0OC
~-0414898005F 01

-0.77069555E-01

0. 12254557 01

-0e 7T065?27£5- 0N

0. 14142351 F 01
0., 73710Q6TTE OO

N.500008RTE-N1
Ne 0

N,462424336E~-01
-0.92335043% 01

-0s 424724236F-01

D.,12752121F 01

—-067071CATTIE 0D

-0.7156199RF 00
0.0

0,14542351F 01 0. 39999¢q92F-01 0.0
Ne 62731444 F 0D O« 0.0
0.0 0.0 0.0

—0.69731444F 0D
0.0

0. 13247348F 0)
0. 70222390F 00

Ce 4099097 0F-~01
~Ne38752852F-01

0, JIFR5401TF-N1T -0,1534N195F-01

0.140186425E-01
Ne36200743E 01
0,17200054%-01

~0, 7T0707T&73E 00
-0.35310392F 01

00142423465 0
0. TN423258" 00

Oe " G0900QRTE~-N1
~0,2617°7188-01

"0, 2R8152546FE~01
~0s 38464469~ 00

-0.7116R834F 00
-0429219503F 0Ot

-0e 157££923F -1

0. 127944A78F 01

~0.69775224% 00

0. 14247344% 0]
0670571 268F 00

0., ACGA0033IE_01
-Ne B4A33172F-01

06 423236091F-01
~N,623316]10% 01

-0, T1498245F 00"
-0.13828888F 01

-0e36121193E-01

0.132A1671F 01

~0.71105361E 00

0.14142351F 01
0. TNTLOATTIE 0O

0, 7000G0PAF-01
0e 0

De56565441£-01
-0s11943664F 02

-0,71846193F 00
0.0

~0e 565654461F-01

0.12436160% 01

-0, 7T071CA77F 00

0. 1464727344F 01 0644992393990 F~01 0.0 -0469492930E 00
0. 60482930F 00 D60 DeD 0.0
0.0 0.0 Ds0

Qe L+ ]
0. 69279858% 00

—0.348714516-01

0.35310278F 01

. 608"
~0.34337692F 01

0,203907295£-02

-0.21015473F-01

Ce 20055845F-01

0.14442348F 0]
0a70296347F 00

0. 600900 33F =01
-0e12197936F 00

Ce 2B807568C--01
0. 24601555E 01

-0, 71117908F 0G
-0,42987700F 01

~0,G4CRLDPRAY 07

0, 12T78%10F 01

-0.68121260F 00

Qe 14342346F N
Oe 7T04368232F N0

N, 79229983 F~N]
-0, 1527771QF (&0

Pe 42236703 E=01
-0.33001232E 01

~-0.71443516% 00
-0a27012224E 01

-0e29706903E~-01

o 14 4F O
0. 70571 935E 00

0. 125249C4E 01

< RG9990T4F -1
-0,111402275 00

-0.70573759E 00

6643462E-01 -0.71773%463F 00
-0489339781F 01

-0.12572975F 01

-0 501953R3F=DN}

Ve 3 T3 L E 1
0. 707106775 ND

0.131790C7% 01

0.0

-0, 71525198% 00




S = 0.,1414235]1F 01 T = 0,95999976F 00

ULT = 0,70710677F 00 U3T.= -0,70710677F 00
NS = =0.RI937504F 00 ™S = =0, 746362 T6E=0T 0 = 0. 19954673F 00
S = 0.14342346F 01 Y =__0.99999976F 00
UIT = 0.70545286F 00 U3T = -0,60820625F 00
NS = -0.80139863F 00 MS = -0,2138751CE-01 © = 0.17010182F 00
S = 0.14542351F 01 T = 0.99999976E 00
UIT = 0.70376515F 00 U3T = —0.68758811F 00
NS = =0,793524276 00 MS = -0,18218216E-01 0 = 0.15986311F 00
S = 0.14742346F 01 T = 0.99999976E 00
=0, 70707080F X SET3T6 0
NS = -0,78582472E 00 MS = —0,15041001E-01 € = 0.15015870F 00
S = 0.14942350F 01 T = 0.99999076F 00
» X s y J ! = =Us 6 }
NS = —0,77834GRBE 00 MS = -0,12248116F-01 © = 0.14216459F 00
S = 0.15142345F 01 T = 0.99999976F 00
JIT = 0.69867705F 00 1137 = —0.63R96435F 00
NS = —0.77107632E 00 MS = -0,96380524E-02 € = 0.13424098F 00
S = 0,15342350F 1 T = . 0,00000074F 0N
OIT = 0.69681T50F 00 U3T = =0,61646765F 00
NS = ~0.76395786E 00 MS = —-0.700483476-02 € = 0.12605911¢ 00
S = 0,15542345F 01 T = 0.99999976EF 00
NS = -0.75703961F 00 MS = —-0445181289F-02 Q = 0.11880171F 00
S = 0.15742350F 01 T = 0,99999976F 00
UIT = 0.69297078F 00 U7 = —0.56757497F 00
NS = -0, 75031990F 00 MS = -0.?3600888E-02 € = 0.11264151F 00
S = 0.,15942345FE 01 T = (0,99999976F 00
NS = -0.74373716€ 00 MS = -0,19003637E-C3 0 = 0.10576689F 00
S = 0.16142349F 01 T = 0.99999976F 00
OIT = 0.6RB74333F 00 U3T = =0,49491777F 00
NS = -0, 73731774F 00 MS = 0.20337568F-02 0 = 0.98879337E-01
S = 0.16342344F 01 T = 0,99999976F 00
UIT = 0.6R&4TRTSF 00 13T = —0.45534T04F 00
NS = -0.731101R1F 00 MS = 0.28552617F=02 0§ = 0.933173306-01
S = 0.16542349F 01 T = 0,99999974F 00
NS = -0.72500765E 00 MS = 0.56537425E-02 € = 0.85968673F-01
S = 0.16742344E 01 T = C.9999S974KF 00
- ® O 20 ] T 47 = =Ue’ . s 4
NS = -0.71902144E 00 MS = 0,74557923F-02 0 = 0,77051699E-01

F-7



s ? ) 1
0, 707Y0677F 0D

= 015999990t 01
13T = -0.70710A77F 00

UiT =

NS = —0,8R344126F 00 M5 = -0433302785E-01 © = O0.,29184570F 00
S = 0,1434734F 01 T = (0,19999990F 0]

U1T = 0,706155207 00 1137 = —-0,69461149% 00

NS = -0, 846382RRF N0 MS = -=0,29161643E-01 € = 0,21308829F 00
S = 0,145423%1F 01 T = 0.1%92GG90F Q1

UlT = 0,70511925F N0 U3T = -0,67991853F 00

NS = ~0,83804649F 0N MS = —0,25237471F-01 0O = 0,19597703F 00
S = 0.14742346F N1 T = 0,1%080990F 01

UIT = D, 704N8654F DD 13T = =N, L6087252F 00

NS = -0.829RAD0OPE 00 ™S = -0,21312010F-01 © = 0,17975426F 00
§ = 0,14947350F 01 T = (.]1C949G40F 0]

UIT = 0.703019646F 00 13T = ~0,64085084F 00

NS = —0.,82205021F 0N MS = —0,18047541E-01 0 = 0.,16578442F 00
§ = 0.15142345F D1 T = (.,19999G990F 01

UIT = 0,70193423F ND  U3T = -N,61R899856F 00

NS = -0.81%481TF7°F 00 M5 = -0,15114337F=01 @ = 0.151910Z8F 00
S = 0.153423%50F 0l T = (,19999G00F 01

U1T = 0,7005759%F DO U3T = -0,59432961F 00

NS = -0,R0704214F 00 MS = -0,12141392F-01 Q = D.13R26114F 00
§ = 0,15547345% 01 T = 0.16960000F 01

ULT = 0,69927213F N0 U3T = -0,56B34865F 00

NS = =0,799833GKF 00 MS = —0.041R5024F-07 © = 0.12648612E 00
S = 0,157147350F 07 T = 0.,19999990F 01

U1T = 0,6097R8831F 00 U3AT = -0N,54253G36&F 00

NS = -0,792%5641TF 000 MS = =0, T?B3R031F-07 QO = 0,1186072587F 00
S = 0,15942345F 01 T = 0,1590CGG0F 01

UIT = 0.69637246% 00 U3T = -0,51485652F 00

NS = -D.7RBTIA3FTF N0 MS = =N,513503TCE-07 0 = 0,105072767F 00
§ = N.1A142340F (0T T = 0,1C0Cag00F 01

UIT = 0,69477279F 00 U3T = -0.48530406F 00

NS = ~0,77954364F 00 MS = -0,2R425895E~-02 0 = 0D.95289230E-01
S = 0,16342344F 01 T = (,10900G90F D1

UIT = 0.69214718F 00 U3T = =0,45709813F 00

NS = -D. 7737T&ERSF D0 MS = -D.I12729497E-07 € = U.87857907F-01
S = 0,16542340F N1 1 = (O, 1999G6990F 01

UIT = 0,691343Q0F 00 URT = -0.42747766E 00

NS = =0.,767TFTICF 00 MS = 0,3ITIIBBIF-07 Q@ = 0, 7951 7007E-01
S = 0.,1A742344% pI T = 0n,16960GG0F 01

UlT = 0,6884A400F 00 U3T = -0,39585626F DO

NS = -0.76107323F 00 MS = 0420439313F-02 € = 0.71668863F-01

! F-8
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